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Air envelopes us in sensual effect. It can warm or chill us, it carries smell and 
sound; breezes stimulate the skin, and wind can literally move us; sometimes 
we can even taste the air. 
‘Aesthetics of Air’ is an investigation into sensual and perceptual atmospheric 
encounters and how these can lead to a new design typology of air for interior 
spaces. 
This research project questions the now widespread practice of controlling 
and standardizing interior climates, the consequence of which has been 
the construction of interior spaces that are hermetically sealed from their 
atmospheric geography and related phenomena, and largely neutralized in 
terms of any complex physiological experiences. The origins of this practice and 
the prevailing notion of ‘comfort’ are interrogated and alternative approaches, 
and relationships to climate and interior atmosphere, contemporary and from 
across history and cultures, are discussed. The project then proposes how we 
can form an alternative relationship to interior atmospheres and the design 
challenges and opportunities such an approach presents. 
A key hypothesis is that the qualities of air we experience in a ‘pleasurable’ 
outdoor environment hold important clues as to how we can shape interior 
atmospheres. Through a series of projects, atmospheric phenomena and 
our physiological and psychological relationship to atmosphere is explored. 
Revealed is a surprisingly complex and dynamic atmospheric system of 
phenomena, which is in constant flux. It is argued that it is precisely these 
transient and highly randomised phenomena carrying perceptual effect 
that are the key to designing interior atmospheres, which are sensuous, 
pleasurable and engender delight.
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Aesthetics of atmosphere shifts attention from 
the ‘what’ something represents, to the ‘how’ 
something is present. In this way, sensory perception 
as opposed to judgment is rehabilitated in aesthetics 
and the term ‘aesthetic’ is restored to its original 
meaning, namely the theory of perception’.1
1.1 introduction & background
The aesthetic and sensible qualities of air are 
unusual terrain for an industrial designer. Typically the 
practice of industrial design is object-focussed, with 
perceptual qualities considered as relational to the 
object and not as a medium in itself. My interest in 
this terrain dates back to the mid 1990s when I began 
exploring the design of domestic fans with the intention 
of redirecting the iconography of this humble electrical 
appliance. Semiotics, the decoding of the cultural 
and social meanings an object communicated, was a 
popular theme in industrial design at the time. The 
design typology of the fan was an area of investigation 
that had stagnated and been largely abandonedi, so I 
saw this as fertile ground. But inspired by Constructivist 
sculpture, particularly the works of Naum Gabo, 
Barbara Hepworth, Laszlo Moholy-Nagy and Len Lye, 
i With a few notable exceptions such as the 1960s Braun Desk 
Fan model HL1 by Reinhold Weiss and 1971 HL70 by Reinhold 
Weiss and Jurgen Greubel and more recently the 2009 Dyson Air 
Multiplier.
I soon began to toy instead with the potential kinetic 
possibilities such an object presented. 
This led to the devising of ever more unconventional 
fan-blade geometries, and I observed that a number 
of blade designs generated irregular patterns of air 
movement. Initially I saw these irregularities as a 
problem. But when I considered the perceptual effect 
I realised it approximated natural ‘outside’ air. This 
discovery redirected my curiosity from the physical 
object to the sensual perception of air movement – and 
how this could be manipulated as a design medium. 
The potential of this uncharted design territory and 
the scale and depth it necessitated was clearly an ideal 
topic for a PhD project.
1.2 framing the research and 
research question / hypothesis & 
motivations
I initially posed the question: Would a simulation of 
the type of air movement encountered in a ‘pleasurable’ 
open-air environment be desirable within interior 
spaces, and if so, how could this be achieved – with the 
open-air environment described as an emergent system 
consisting of random air currents, mild turbulences, 
breezes and so on? At first my investigation focused on 
simulating the type and variety of air-based experiences 
encountered in an outside environment, but quickly 
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Fig. 1.1
DF Type II. Aluminium, Bronze, Silicon & electrical components.  Malte Wagenfeld 1998.
Fig. 1.2
HF Type I, 2001. Aluminium, stainless steel mesh and wire, plastics, electrical components.  Malte 
Wagenfeld 1999.
Fig. 1.3
HF Type I, 2001. A small personal fan whose gently swing can be adjusted to modulate its 
fluctuations.  Malte Wagenfeld 1999.
Fig. 1.4
Hoberfan. An experimental fan that uses a Hoberman sphere to open with centrifugal motion, the 
elastic membrane inside the sphere act as a fan blade whilst also returning the fan to the closed 
position when it stops. Malte Wagenfeld 1999.
Fig. 1.5
CF Type I.  Ceiling Fan. Formed acrylic, aluminium and electrical components, 1200mm diameter 
x 300mm high. A ceiling fan with an unusual three-dimensional blade to generate a shimmering 
cloud when spinning.  Malte Wagenfeld 1999.
Fig. 1.6
CF Type I. Exhibited at ‘Spacecraft 0701’, Monash University Gallery, 2001.  Malte Wagenfeld 
1999
Fig. 1.7
PF Type I.  A Large vertical axis room fan, with an unusual blade design. Polymer modified plaster, 
aluminium, polymer closed cell foam, and electrical components.
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broadened to encompass the overall aesthetic 
perception of air and its associated qualities linked to 
smell, humidity, density, sound, texture and so on.
My research into building an ‘aesthetics’ of 
atmosphere shares similar phenomenological – and 
hence somatic – concerns to those of an ever growing 
practice2 of installation artists working primarily with 
intangible phenomena, such as James Turrell, Robert 
Irwin, Olafur Eliasson, Fujiko Nakaya, and Sissel Tolass; 
to the work of the Swiss architect Philippe Rahmii; the 
concepts and work of Minimalist and Ambient music 
composers John Cage, Brian Eno, Harold Bud and Taku 
Sugimoto; and to the work of Raymond Schaefer and 
Barry Truax et al. and their associated fields of acoustic 
ecology and soundscape. This list clearly locates 
my work in a field exploring perception, sensation, 
the ephemeral, the physiological, flux, emergence, 
transience, intangible and immaterial phenomena, 
unstructured and unscripted non-linear events and 
phenomena and ambient environments.iii 
A number of texts helped shape the critical 
underpinnings of the project in its early stages. Lisa 
Heschong’s insight into how spaces are used according 
to their thermal and atmospheric amenity and the 
devices and strategies developed throughout history 
and across cultures to harness this – in her seminal 
1979 book Thermal Delight in Architecture – inspired 
me to undertake a deeper investigation into the 
connections between atmosphere and vernacular 
architecture. Mark Wigley’s essay The Architecture 
of Atmosphere in the June 1998 issue of Daidalos 
(68), ‘Constructing Atmospheres’, encouraged me to 
consider the relationship between a building, space and 
its sensuous and ephemeral ‘emissions’ and the effect 
upon the occupant3. Gernot Böhme’s essay Atmosphere 
as an Aesthetic Concept helped clarify and define my 
notion of ‘aesthetics’ in the context of this project4; 
whilst the essay Ambient: Definitions by Diedrich 
Diederichsen provoked me to draw a link between my 
passion for ambient music and the aesthetics of the 
atmospheres and spatial environments I envisaged with 
mindfulness and an “interest in the background that 
is always already present”5. Juhani Pallasmaa’s ideas 
presented in his acclaimed text Eyes of the Skin (2005) 
helped elucidate the complex role our senses play in 
discerning, interpreting, embodying and thinking about 
‘designed’ space and phenomena, while Steven Holl’s 
chapter in Question of Perception: Phenomenology of 
Architecture (1994) was insightful as to how we may 
design with and for perceptual phenomena. 
ii In particular the projects, Physiological architecture (2002) 
and Architecture Metrologies (2009)
iii Here I also need to mention the writing of Junichiro Tanizaki 
(In Praise of Shadows, 1933), Walt Whitman (Leaves of Grass, 
1855), and Henry David Thoreau (Walden, 1854) for their 
approach to the poetics and aesthetics of perception and delight; 
particularly those resulting from natural phenomena.
An essay by English design theorist Helen 
Mallinsoniv, “Do we forget air when we think about 
architecture as ‘space’, and if so, what are the ethical 
consequences of this forgetting?”6 prompted me 
to foreground a critique of the designer’s role in 
considering the intangible and ephemeral, and how the 
‘forgetting of air’ eventuated. Why was ‘air’ no longer 
considered to belong to the realm of mainstream 
design? How we did come to accept the orthodoxy of 
the hermetically sealed steady-state air-conditioned 
interior – the notion that there is only the one ideal 
atmosphere that should and has been replicated 
universally. My counter-question is: How can designers 
unravel this entrenched notion and instead of seeking 
absolutes turn our attention to the shadows in Plato’s 
cave?
In a 2006 lecture, Leon van Schaik challenged 
researchers to seek out the edges of their research 
field. Taking up this gauntlet led me to the Adaptive 
Model of Thermal Comfort7, which was then still 
hovering on the edges of approaches to interior 
climate. The key authors, Richard de dear and Gail 
Brager, cite a substantial body of quantitative and 
qualitative evidence to support the concept that 
there is a strong relationship between an occupant’s 
conception of indoor and outdoor climate and cultural, 
geographic and other factors. Once posited this 
relationship seems self-evident, yet for most of the 20th 
and into the 21st century, thinking along these lines has 
not only been abandoned but, in much of the world, 
literally ‘outlawed’ by building standards stipulating an 
indoor climate based on the steady-state ideal of the 
‘comfort zone’v. Importantly, the evidence on which the 
adaptive model was based confirms that the majority of 
occupants show a preference for a naturally-ventilated 
interior atmosphere over a hermetically sealed air-
conditioned one. 
The rigorous research undertaken by de Dear, 
Brager et al. freed me from first having to demonstrate 
the need for an alternative to the steady-state concept 
of interior atmosphere before commencing my own 
investigations in earnest. I visited Richard de Dear at his 
Thermal Climate research labvi in late 2006 (and have 
stayed in regular contact ever since), and Gail Brager in 
2008 at the Center for Environmental Design Research 
at the University of California Berkeley in San Francisco. 
De Dear also introduced me to their colleague Shin-ichi 
Tanabe, Professor of Architecture at Waseda University 
in Tokyo, whom I visited in 2006. All responded with 
enthusiasm to my research trajectory and I was pleased 
to be able to locate my work within a burgeoning 
field of practice. Tanabe directed me to studies 
iv Metaphors of Experience: The Voice of Air
v For example ASHRAE Standard 55 - 92 (ASHRAE, 1992, 1995) 
and ISO Standard 7730 (ISO, 1994)
vi Division of Environmental and Life Sciences, Macquarie 
University, Sydney; Richard de Dear is now Head of Architectural 
Design Science at the University of Sydney.
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being done analysing and simulating the qualities 
of natural air movement, such as Hara et al (1997), 
and these confirmed that ‘natural’ air movement 
is characterised by chaotic fluctuations that can be 
described mathematically. The studies also supported 
the hypothesis that people feel more comfortable 
in fluctuating air currents, such as evening breezes, 
than in steady-state environments.8 My hypothesis 
that there were sensuous perceptual qualities to the 
fluctuations in air movement experienced in ‘outside’ 
environments was already supported by a number 
of key research studies published in highly-respected 
academic journals, but that work was almost exclusively 
focused towards investigating ways of fluctuating the 
flow of air as it exited air-conditioning ducts. This 
meant that the research question I was exploring was 
entirely original.
The possible link between climate change and 
the substantial quantity of energy used to power 
air-conditioned interior-climates was a principle 
motivation for undertaking this project, yet my focus 
had always encompassed the aesthetic experience of 
atmosphere, as I posited that much of the work being 
done on designing energy-saving systems for treating 
interior climates overlooked a central question: What 
makes experientially-rich and pleasurable interior 
atmospheres?
The link to climate change has now been made 
convincingly (Shove, de Dear, Brager, Arens et al.), 
and my research has come to privilege the aesthetic 
experience of air to the extent of questioning the very 
raison d’être for the practice of hermetically sealing 
buildings and introducing conditioned air, and exploring 
a design-led alternative to this hermeticism that 
encompasses both environmental and user / occupant 
perspectives while addressing Mallinson’s concern for 
the ‘forgetting’ of air as a spatial design-element. 
It quickly became apparent that the question to 
address first was not how to move air, but how to 
design with air, and more fundamentally, how to 
envisage air as a design-medium and to understand 
the perceptual effect air has upon us. To explore air as 
a design-medium means, through and for the act of 
exploring, grasping a literally ungraspable medium both 
intellectually and tactually.
1.3 research method
I have used two parallel and interrelated strategies 
of inquiry and discovery. The first strategy derived 
from the need to make a convincing and informed 
argument as to why it is desirable and even critical 
to reconceptualise the current notion of interior 
atmosphere and to address Helen Mallinson’s 
observation that air is forgotten when spaces are 
designed. This involved a straightforward review of 
the relevant literature and needs no further discussion 
here, but it included an interrogation of the forces 
and events that led to this paradigm prevailing from 
the mid-20th Century onwards, an analysis of how 
interior atmosphere has been conceived of and 
manipulated across history and cultures, as well as an 
investigation into emerging alternative models and 
the elucidation of where my research project sits in 
relation to those models. This initial strategy of inquiry 
informed the second, a larger body of concurrent 
design-led investigations into the perceptual qualities 
of air and atmospheres, and ways of conceiving of and 
designing for interior atmospheres, which evolved its 
methodology as the projects were conducted. How 
these occurred is the focus of the following section.
My earliest attempts to explore our relationship 
to air and to capture and document atmospheric 
concepts and experiences used word associations and 
word maps (see appendix items ). This proved to be 
a rather challenging task, as the multiple variables 
associated with atmosphere could not be adequately 
captured by three-dimensional representation and 
required a multidimensional model. After some trials 
I arrived at a nine-axes model arranged like a wheel, 
but soon found that even this model’s applicability 
was limited in two ways. First, the use of one axis per 
variable could not represent sensory variables such 
as odour, which are in themselves multi-dimensional. 
Second, the attempt to chart atmospheric encounters, 
whether diagrammatically plotted or graphed, was 
confounded by their nature, which is dynamic and 
transient, not static. Although some atmospheric 
encounters have typical characteristic qualities – for 
example cellar air is typically described as dank, musty, 
still air – other encounters such as night air are much 
more variable. Although we recognise them when 
we encounter them, such atmospheric encounters 
form a complex phenomenological image that defies 
static representation. Clearly a more comprehensive 
multimodal and dynamic investigation was needed.
My investigation into word maps was intended 
only to support and inform the larger body of design-
led projects and the short time spent on trialling this 
method was not in vain as it highlighted the range and 
complexity of atmospheric phenomena and the folly of 
seeking to analyse them by any one exclusive method. 
My design-led investigation presented a unique 
problem as I was dealing with something that was 
inherently formless, invisible and dynamic – air. How 
does a designer trained in manipulating form and 
physical matter approach an intangible medium? My 
impulse was to appropriate fluid visualisation software 
as a design tool, but this distancing from the medium 
seemed in opposition to the very idea underpinning the 
investigation, that is, the sensorial perception of air as 
a dynamic physiological experience, which calls for an 
exploration using the body as the primary perceptual 
instrument.
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The method I devised to undertake this corporeal 
investigation evolved rapidly during the first months of 
this research as the research question came into focus. 
Since my design intent centred on the experiential 
qualities of atmosphere, I began by observing 
phenomena that evidenced these qualities. Unexpected 
findings from early experiments observing phenomena 
drove much of the research trajectory and helped 
to clarify and refine the research question, and the 
analytical observation of phenomena soon evolved as 
the fundamental research method: Phenomenology.
Early in this research I delved into the philosophical 
underpinnings of the Phenomenologists’ position, 
reading Edmund Husserl, Maurice Merleau-Ponty, 
Gaston Bachelard and others; however, the Tasmanian 
Philosopher Jeff Malpasvii convinced me that since I 
wished to take a phenomenological approach I should 
‘let the philosophers do the philosophising’, or proceed, 
as Husserl would instruct his students, “to the things 
themselves” instead of “dwelling on mere words”.viii 
Likewise my supervisor Mark Burry persuaded me to 
move further down the path of design investigation 
through projects. His great enthusiasm for my 
explorations and lengthy conversations about these 
greatly encouraged this trajectory.
Despite these caveats, the fundamental platforms 
on which Phenomenology as a philosophy is built 
deserve some analysis as they underpin my intellectual 
conception of the design of interior atmospheres and 
our relationship as humans to those atmospheres; 
that is, how I envisage we live in and with them. Key to 
this is Husserl’s notion of being in the world ‘Dasein’, 
the importance of bodily perception; and Merleau-
Ponty’s emphasis of sense-experience (sentir) as a way 
of knowing and understanding the world and how it 
“offers an account of space, time and the world as we 
‘live’ them,”9 and that we “coincide with the sensed,”10 
Importantly, phenomenology is also the position 
from which I critique the current ‘rationalist’ paradigm, 
which led to the design of interior atmospheres 
deliberately devoid of perceptual qualities11, and 
the concept of an ideal steady-state interior climate 
hermetically sealed from the outside environment, 
which can and should be universally applied across time 
and space (de Dear & Bragger 2001, Mallinson 2004, 
Chappells & Shove 2005). This ‘rationalist’ construct, 
which remains the current orthodoxy, derived from 
a paradigm of understanding the world in which 
perception is relegated to a lower order of knowing – 
beneath that of pure reason – and where the Platonic 
conception of an ‘ideal’ continues to dominate. It was 
my rejection and critique of this paradigm that landed 
me firmly in the lap of the Phenomenologists. As Robyn 
Barnacle points out “what for enlightenment thinkers 
vii Distinguished Professor, University of Tasmania.
viii Following a presentation of my research at the Spring GRC 
in October 2006, RMIT Melbourne.
was an intransigent problem – the lack of certainty 
about our knowledge of the other – becomes, for the 
phenomenologist, recognition of what is unique about 
our relationship to the world.”12
My interest is both in Phenomenology as a 
philosophical position, and in a design research-method 
is based on a number of critical phenomenological 
tenets. These tenets buttress the design method and 
need to be clarified. Although Husserl explains that 
each phenomenological experience has a unique 
spatio-temporal context as experienced by an individual 
(which he calls ‘Dasein’), he also speaks to a notion of 
empathy; that “whatever belongs to the essence of the 
individual can also belong to another individual”13 and 
that “we behold the experiences of others.”14 If we add 
his concepts of ‘Erlebnisse’ (perception of psychical 
events) and ‘Erfahrung’ (within the framework of 
inner experience)15, then we can begin to discern and 
understand phenomenological images such as ‘night-
air’ as concepts.
Although each experience of night-air differs 
in having specific spatio-temporal qualities that 
are experienced uniquely by each individual, 
who contextualises them in relation to their own 
internalised experiences, it is also true to say that for 
the concept ‘night-air’ to exist as part of common 
language there must be a common ‘empathetic’ set 
of qualities that are night-air, allowing us to recognise 
it when we experience it – whenever, wherever or 
whoever we are. The recognition of such empathetic 
qualities as a shared experience is critical for the 
design of perceptually-rich and meaningful interior 
atmospheres. Finally, the tenet of “seemingly 
inconsequential events”16, that is, belonging to and 
having a critical place in our experience of the world, 
relates to my concepts of transience, fleeting moments, 
‘unconcentrated’ or peripheral awareness, and 
other concepts that I will discuss over the next three 
chapters. 
In thinking about the design of interior 
atmospheres, phenomenology presents a dual 
investigation. On the one hand it can be used for an 
analytical investigation of the observed phenomenaix – 
in the traditional scientific method – but on the other 
hand it can provide a qualitative account of how those 
observed phenomena may impact on us physiologically 
and psychologically. Because phenomenological 
observation is a first-person method where the 
observer themselves is typically immersed in that which 
is being observed, it can perform both investigations 
simultaneously – the investigation of phenomena and 
of the effect of those phenomena upon the observer – 
without contradiction or conflict.
ix How phenomena is ‘defined’ is of course an open question, 
in context of this research I am referring to phenomena, 
resulting from natural, human or other actions and events, as we 
experience them in our daily lives.
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The phenomenological method I used largely 
evolved through doing the projects. The lengthy 
discussions I had with philosopher Jeff Malpas over 
the course of this research helped guide, focus 
and clarify the method. My objective to explore 
the many perceptual qualities of atmosphere is an 
inherently phenomenological one, and if carried 
out with thoughtfulness will, ipso facto, lead to a 
phenomenological approach. The method I arrived 
at and employed accords closely with the one David 
Seamonx has set out in many papers and chapters, 
and because Seamon explores the phenomenological 
method specifically in the context of design I will 
discuss his ideas here in relation to my own.
Seamon describes the phenomenological method 
as “the exploration and description of phenomena, 
where phenomena refer to things or experiences as 
human beings experience them.”17 Phenomenology 
is a qualitative inquiry that has a clear “conceptual 
and methodological foundation”. Seamon names two 
assumptions that for him “mark the essential core of a 
phenomenological approach:
• Person and world as intimately part and parcel;
• Phenomenology as a radical empiricism.”18 
I have already touched on the first assumption: 
that we live in the world and are inextricably linked 
to it. The second assumption refers to the method of 
phenomenological inquiry, which I will now discuss.
Before phenomenology became a discrete branch of 
philosophical thought at the beginning of the twentieth 
century it had long been a method of inquiry, scientific 
or otherwise. David Seamon argues that much can 
be learned about the practice of phenomenology by 
revisiting Goethe’s method of investigating phenomena. 
Uncomfortable with Newton’s work on colour theory, 
Goethe set out to develop his own, based on the 
careful and studious observation of colour and light 
phenomena, seeking to allow colour and light to “reveal 
themselves in their own terms directly through our own 
human experience of them.”19 Seamon characterises 
the differences thus:
Rather than discussing whether Goethe’s color 
theory is correct or erroneous, it is perhaps more 
useful to say that, whereas conventional analytical 
science emphasizes a knowledge of primary 
qualities–i.e., features of quantity like number, size, 
and position that can be measured and thereby 
transformed into a mathematical model–Goethe 
sought a science of qualities–a method whereby 
color becomes visible as intelligible within itself–i.e., 
without some external explanatory agency like 
“angle of refraction” or “wave length” which lies 
outside color as color appears as itself.20
x Professor of Architecture, Kansas State University
The method of investigation I employed to explore 
atmospheric phenomena, both constructs of knowing, 
perceptual and primary, can productively work 
alongside each other. One may inform the designer of 
the perceptual qualities of atmosphere, and the other 
may be useful in supporting or further analysing this 
knowledge, or be used in the designing of atmospheres 
– the importance is to know when to apply which. In 
science there are apparent fundamental contradictions, 
such as the two theories of light – particle theory and 
wave theory – which in practice presents no conflict at 
all for the physicist, as each is used as needed.
According to Seamon, Goethe’s method, based on 
“direct experiential contact coupled with prolonged, 
attentive efforts to look and see, became the 
basis for descriptive generalization and synthetic 
understanding.”21 Instead of “analyzing in secondhand 
fashion what has already become”, Goethe sought to 
encounter it intimately through the educable powers 
of human perception.”22 For Goethe this required an 
exacting method, patience and studious hard work, 
in order to gradually build a more and more complete 
understanding of the phenomenon under investigation.10 
The phenomenological practitioner must develop 
their own acute powers of perception, just like the 
musician needs to develop their ear, which only comes 
“through effort, practice, and perseverance.”23 The 
phenomenological method thus requires an iterative 
process.
Observations can be recorded using many techniques, 
but when it comes to thinking about and describing what 
we are observing Seamon stresses the importance of the 
vigilant use of language. What is most critical, and indeed 
central to the phenomenological method, is that we do 
not apply concepts or knowledge that we cannot observe. 
Seamon uses the example of observing light passing 
through a prism. We cannot say that, “the light is being 
refracted by the prism”, because we cannot actually see 
this “refraction” – it lies outside our sensual experience. 
When applying the phenomenological method one must 
not impose a pre-existing structure upon the thing 
being observed, otherwise the observation becomes 
clouded with second-order knowing and assumptions, 
and no original insights can emerge. The method 
demands a thorough, in-depth study of the 
phenomenon, which must be seen and described 
as clearly as possible. Accurate description is 
not a phenomenological end, however, but a 
means by which the phenomenologist locates the 
phenomenon’s deeper, more generalizable patterns, 
structures, and meanings.24
Another critical aspect of this method is what 
Goethe called “exact sensorial imagination–in other 
words, visual izing and thinking the phenomenon 
concretely in imagination.”25 This requires an “action 
that is simultaneously outer and inner as well as 
perceptual and cognitive – I re-experience my 
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perceptual seeing but do it in my mind’s eye.”26 I 
repeatedly employed this method of visualisation 
or ‘visual thinking’ (Arnheim 1969) based on my 
observations, particularly when imagining how air 
moves through space or how smell comes to us 
and lingers in space. Examples of this method are 
Pallasmaa’s concept of scent spheres and Luca Turin’s 
description of coloured clouds of scent, both of which 
I discuss in chapter three. Paradoxically this method 
of visualisation or ‘exact sensorial imagination’ is 
most powerful when we are observing things we 
cannot actually see. The act of visualising an invisible 
phenomenon is comparable to a synesthetic experience 
where one sense modality cross-fertilises another, 
building a richer and deeper cerebral conception, or 
phenomenological image. Knowing how to see with 
intention rather than impression is of course critical; as 
the installation artist Robert Irwin would say, “seeing is 
forgetting the name of the thing one sees.”27
However, the method I employed deviates in a 
number of ways from Seamon’s definition of ‘radical 
empiricism’, and this deviation is best highlighted by 
Seamon’s discussion of Goethe’s declaration that the 
“human being himself, to the extent that he makes sound 
use of his senses, is the most exact physical apparatus 
that can exist.”8 Although the ‘human instrument’ 
as a perceptual tool is central in my investigation to 
determine how phenomena impact on us, I avoid any one 
methodology to the exclusion of another. And although 
Goethe’s claim may still hold true when applied strictly to 
bodily perception – which is somewhat of a tautology – it 
doesn’t holds true when applied more broadly. Consider 
for example, the microscope or telescope as aids to 
visual observation, apparatuses available even in 
Goethe’s own time.
I chose to use any instrument or means available 
to support my observations, but I was careful not to 
allow them to lead or obscure the observation. For 
example, if a thermometer were to read 35°C, which 
may be regarded as hot, I would not call it hot unless 
I actually felt hot; instead, I would look for what other 
phenomena were at play that might contribute to me 
feeling comfortable at 35°C. But the fact that I could 
feel comfortable at 35°C, as corroborated by the use 
of a thermometer, became an important insight into 
my investigation. This is an augmentation of the ‘pure’ 
practice of phenomenological observation, in that 
the considered application of tools and other ways of 
knowing and understanding, when appropriate, will 
build a more complete picture – a practice that we may 
think of as the ‘comingling of methods’.
The question of using an instrument with which 
to observe phenomena or through which to observe 
phenomena also played out in another way as I was 
facing the challenge of exploring a largely intangible 
and invisible medium, and one that was in constant 
flux. My investigations often required me to devise 
and build my own instruments. This construction 
became a key feature of my research method, which 
I will discuss in the context of the related project in 
chapter three. Building instruments required not only 
technical knowledge – the ability to design and build 
the instruments – but also the ability to intuit what 
was required of them. This was best approached 
through an iterative process. For example, once a new 
observational inquiry was initiated with a ‘fast and 
dirty’ approach, the method and instruments were 
gradually refined if the technique showed promise and 
the observations began to yield results. If too much 
effort and time was employed early on, before any 
insight was revealed, then the entire process could 
become stagnated. 
I also supported my phenomenological observations 
with secondary sources of knowing. For example, the 
aperiodic fluctuations that I observed in ‘natural wind’ 
were corroborated through the use of instruments such 
as anemometers and through the research of others, 
such as Hara et al. (1997), which confirmed that such 
fluctuations approach chaotic frequencies that can be 
described by the formula 1/f.xi 
My aim was not only to know something 
experientially but, when useful, to also understand 
it technically, so that I could make more effective 
use of that knowledge while never losing focus of 
the main objective: how atmosphere makes us feel 
and subsequently how it could be designed with to 
engender a certain quality of experience. The focus 
of the research intent is critical in this instance, as the 
category of ‘new’ knowledge I am building centres on 
developing an understanding of air and atmosphere 
as a medium carrying perceptual effect, with the aim 
of designing interior atmospheres. I was not aiming 
to develop knowledge about air for its own sake, as a 
theoretical scientist would do.
An important consequence of this type of dual 
investigation is a concept of ‘wholeness’28: to observe 
phenomena in relationship to each other, sometimes 
this required a number of methods of observation to 
occur simultaneously. Observing the fluctuations of 
air – and all the associated qualities of air-movement 
and other phenomena that come from being in an 
immersive atmosphere.
The capturing and analysing of the observations and 
insights was also a significant aspect of my method. Of 
particular importance was the video documentation 
of the experiments. During the process of filming my 
collaborators and I would discuss and articulate what 
we were observing. This narration was important in 
capturing observations and insights as they occurred. 
Following the investigation, my video footage was 
rigorously analysed. The video documentation was 
xi This equation – ‘1/f’ where ‘f’ is the frequency - describes the 
frequency spectrum - of certain types of noise, air movement or 
such, typically occurring in nature - where the power spectrum 
density is inversely proportional to the frequency.
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supported by stills photography and note taking.
During the course of my research the outcomes 
and investigations were both extensively published and 
exhibited, amounting to three book chapters, three 
conference papers and ten exhibitions. Writing book 
chapters and papers became a way of documenting 
the research and cultivating a critical reflection on the 
findings and assumptions, as well as setting milestones. 
The exhibitions on the other hand were research 
laboratories, where the public could observe and 
engage with a multitude of atmospheric phenomena. 
This enabled me to observe atmospheric phenomena 
in a variety of spaces with people actively contributing 
to the atmospheric system as they explored the 
phenomena animated by their actions – and simply 
by them being physically in the space. Initially the 
exhibition practice was an unforseen happenstance 
but quickly built its own momentum and, in the end, 
became a critical part of the research. In this way the 
publication and exhibition practice became an essential 
component of the research method. This will be 
discussed in more detail in chapter three.
Chapter 1
23.
1. Böhme, Gernot. “Atmosphere as an Aesthetic Concept.” Daidalos 68, Constructing Atmospheres (June 1998): 112 – 115. Pp. 114
2. Bresnahan, Keith. “Day for Night: Staging “Nature” in the Contemporary Interior.” Interiors 3, no. 1-2 (2012) 85-106
3. Wigley, Mark. “The Architecture of Atmosphere.” Daidalos 68, Constructing Atmospheres (June 1998): 18 - 27
4. Böhme, Gernot. “Atmosphere as an Aesthetic Concept.” Daidalos 68, Constructing Atmospheres (June 1998): 112 – 115.
5. Diederichsen, Diedrich. “Ambient: Defenitions”. Daidalos 68, Constructing Atmospheres (June 1998): 138 – 140.
6. Mallinson, Helen. “Metaphors of Experience: The Voice of Air.” The Philosophical Forum 35, no. 2 (2004): 161 – 177. Pp. 161.
7. de Dear, Richard and Gail Schiller Brager. “The Adaptive Model of Thermal Comfort and Energy Conservation in the Built 
Environment,” International Journal for Biometeorology, vol. 45, no 2 (2001): 100 – 108.
8. Hara, Toshitsugu, M. Shimizu, K. Iguchi, and G. Odagiri. “Chaotic Fluctuation in Natural Wind and Its Application to Thermal 
Amenity.” Nonlinear Analysis, Theory, Methods & Application 30, no. 3 (1997): 2803 – 2813.
9. Merleau-Ponty, Maurice. Phenomenology of Perception. (Trans. Colin Smith). London: Routledge Classics, 2002. Pp. vii.
10. Merleau-Ponty, Maurice. Phenomenology of Perception. (Trans. Colin Smith). London, Routledge Classics, 2002. Pp. 3.
11. de Dear, Richard and Gail Schiller Brager. “The Adaptive Model of Thermal Comfort and Energy Conservation in the Built 
Environment,” International Journal for Biometeorology, vol. 45, no 2 (2001): 100 – 108
12. Barnacle, Robyn. “Phenomenology and Wonder”. In Phenomenology, edited by Robyn Barnacle, Melbourne: RMIT University 
Press, 2001. Pp. 8.
13. Husserl, Edmund. Ideas: General Introduction to Pure Phenomenology (Trans. W.R. Boyce Gibson). London: Allen & Unwin, 1967. 
Pp. 53.
14. Husserl, Edmund. Ideas: General Introduction to Pure Phenomenology (Trans. W.R. Boyce Gibson). London: Allen & Unwin, 1967. 
Pp. 10.
15. Husserl, Edmund. Ideas: General Introduction to Pure Phenomenology (Trans. W.R. Boyce Gibson). London: Allen & Unwin, 1967.
16. Seamon, David. “Goethe’s Way of Science as a Phenomenology of Nature.” Janus Head: Journal of Interdisciplinary Studies on 
Literature 8, no. 1 (2005): 86 – 101. Pp. 97.
17. Seamon, David. “A Way of Seeing People and Place: Phenomenology and Environment-Behavior Research.” In Theoretical 
Perspectives in Environment-Behavior Research, edited by S. Wapner, J. Demick, T. Yamamoto, and H Minami, 157 – 178. New 
York: Plenum, 2000. Pp. 158.
18. Seamon, David. “A Way of Seeing People and Place: Phenomenology and Environment-Behavior Research.” In Theoretical 
Perspectives in Environment-Behavior Research, edited by S. Wapner, J. Demick, T. Yamamoto, and H Minami, 157 – 178. New 
York: Plenum, 2000. Pp. 159.
19. Seamon, David. “Goethe’s Way of Science as a Phenomenology of Nature.” Janus Head: Journal of Interdisciplinary Studies on 
Literature 8, no. 1 (2005): 86 – 101. Pp. 88.
20. Seamon, David. “Goethe’s Way of Science as a Phenomenology of Nature.” Janus Head: Journal of Interdisciplinary Studies on 
Literature 8, no. 1 (2005): 86 – 101. Pp. 96.
21. Seamon, David. “Goethe’s Way of Science as a Phenomenology of Nature.” Janus Head: Journal of Interdisciplinary Studies on 
Literature 8, no. 1 (2005): 86 – 101. Pp. 88.
22. Seamon, David. “Goethe, Nature, and Phenomenology. In Goethe’s Way of Science: A Phenomenology of Nature, edited by David 
Seamon and Arthur Zajonc,. Albany, NY.: State University of New York Press, 1998. Pp. 3.
23. Seamon, David. “Goethe, Nature, and Phenomenology. In Goethe’s Way of Science: A Phenomenology of Nature, edited by David 
Seamon and Arthur Zajonc. Albany, NY.: State University of New York Press, 1998. Pp. 3.
24. Seamon, David. “Goethe, Nature, and Phenomenology. In Goethe’s Way of Science: A Phenomenology of Nature, edited by David 
Seamon and Arthur Zajonc. Albany, NY.: State University of New York Press, 1998. Pp. 2.
25. Seamon, David. “Goethe’s Way of Science as a Phenomenology of Nature.” Janus Head: Journal of Interdisciplinary Studies on 
Literature 8, no. 1 (2005): 86 – 101. Pp. 92.
26. Seamon, David. “Goethe’s Way of Science as a Phenomenology of Nature.” Janus Head: Journal of Interdisciplinary Studies on 
Literature 8, no. 1 (2005): 86 – 101. Pp. 92.
27. Weschler, Laurence. Seeing is forgetting the name of the thing one sees. Berkeley: University of California Press, 1982.
28. Bortoft, Henri. The wholeness of nature: Goethe’s science of conscious participation in Nature. Hudson, NY: Lindesfarne Press, 
1996.
Aesthetics of Air
24.
Fig. 2.26.1
Ludwig Mies van der Rohe, Competition entry for an office building in Friedrichstrasse, Berlin, 
1919. Although never built, this design became the prototype for virtually every office tower over 
the next century.
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In this chapter I will reconceptualise how we think 
of and construct interior atmospheres, through a 
review of key literature interwoven with the cultural, 
societal and philosophical models that underpin the 
prevailing contemporary approach.
I will first give an overview of some of the more 
interesting examples of vernacular architecture, 
both historic and contemporary, in which interior 
atmosphere is treated in a sympathetic or ingenious 
manner – from the Persian ‘wind-catcher’ to the 
Queenslander.
Following this I will critique the standardised 
air-conditioned environment and the hermetically 
sealed building type, and delve into the history of its 
development – discussing why it became dominant 
in contemporary building practice and how we as 
occupants use and experience these controlled 
environments. I will also discuss its impact on design 
and highlight how this model has stymied any serious 
thought about the actual qualities of the air within the 
interior of such buildings.
I then introduce the contemporary debate on 
interior atmospheres, including leading alternative 
models – especially the ‘adaptive model of thermal 
comfort’ – citing key literature, articles and journals. 
The notion of comfort, and how it is at least in 
part a sociocultural construct, will be central to 
this discussion. I conclude this section by outlining 
important gaps in the current research.
Finally I argue that what is missing from 
contemporary approaches is an encompassing, 
sophisticated strategy for designers of interior 
atmospheres, and I seek to provide one predicated on 
the importance of conceptualising interior atmosphere 
as an experience of space and place, and air itself as 
an important design element. These concepts are then 
further explored in the following two chapters
2.1 the phenomenology of 
atmosphere in vernacular 
architecture
In the 1st century AD the Roman lawyer, magistrate 
and author, Pliny the Younger, wrote a letter to his 
friend Gallus citing the many ‘charms’ of his cherished 
villa, “Laurentine”.1 What is remarkable is that he does 
so almost exclusively by describing in exquisite detail 
the innumerable qualities of atmosphere that are to be 
experienced within the villa and its surroundings.  
The villa is situated some “seventeen miles from 
Rome”2, overlooking the Tyrrhenian coast, flanked 
by woods and hills. Pliny walks us through his villa, 
almost room-by-room, discussing which spaces are best 
at what time of day or season, noting the particular 
chapter 2. 
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An analysis of the typical African desert adobe or 
mud hut vindicates Rudofsky’s view that the word 
‘primitive’ when applied to such dwellings within 
a specific context is not only condescending but 
uninformed. Unlike the ideal and clement climate of 
Pliny the Youngers’ Tyrrhenian coast, the African desert 
confronts the vernacular builder with two of the most 
difficult climatic problems, “heat and cold”9. From first 
impressions, the ability of this simple dwelling to either 
alleviate the searing heat of the desert or the intense 
chill that descends at night may appear unlikely. But 
a study in 1960 by architects James Fitch and Daniel 
Branch revealed that the traditional adobe hut, as 
found in the deserts of the lower latitudes of Africa, 
displays remarkable climatic performance. In a diurnal 
temperature cycle ranging from 41˚C during the day 
to 18˚C at night, the hut’s interior air temperature 
maintains a range from 29˚C to 24˚C – a comfortable 
band of just 5˚ variance, better then many fully air-
conditioned buildings subject to a much smaller diurnal 
range10. It is clear from these statistics that
primitive architecture reveals a very high level of 
performance, even when judged in the light of 
modern technology. It reflects a precise and detailed 
knowledge of local climate conditions on the one 
hand, and on the other a remarkable understanding 
of the performance characteristics of the building 
materials locally available.11  
breezes and smells, views to be had, where and when 
the sun is most favourable and where one can sit in 
pleasant cool shade. He mentions the texture of the 
ground under bare feet and the sounds one might hear, 
such as the distant roar of the waves “in subdued and 
dying murmurs”3. When in the dining room, he even 
observes that “when the sea is disturbed by the south-
west wind the room is just flecked by the spray of spent 
waves”4. He makes only incidental reference to the 
geometry of a space or its furniture.
This is a rare phenomenological account of a 
building based on its many qualities of air and climate. 
What is more startling is that is was written some 
two thousand years ago. Pliny the Younger’s account 
attests to finely tuned sensibilities and a high regard 
for the poetics of living. The Villa Laurentine, which we 
can assume was not atypical for a well-to-do Roman, 
is much more than a dwelling offering shelter – it is 
as though the entire villa complex has been specially 
designed as a series of spaces that offer a multitude 
of experiential qualities, carefully utilising the sun’s 
radiance from the ocean or cool shade from the wood, 
favourable winds and scents, pleasant views, and places 
to sit in “deep seclusion and remoteness”. Nomad-like, 
Pliny migrates from room to room, throughout the day 
and across the seasons, seeking the most agreeable 
atmosphere a choice dependent upon his disposition.
As this example makes plain, working with the 
exterior climatic conditions to create an agreeable, 
modified interior climate or, as is often the case, a 
hyper-climate that is neither fully outside nor inside, 
has a long history but while the built form spans many 
tens of thousands of years it has only relatively recently 
been studied with any seriousness, other than as an 
archaeological curio. 
It was not until 1964 that an accepted English 
language term was given to this architectural typology; 
prior to then prefixes such as ‘primitive’ or ‘traditional’ 
were generally used. Bernard Rudofsky is credited with 
first using the term ‘vernacular architecture’5 in its 
current formi, and from reading his writings it is clear 
that he did not consider such architecture primitive, 
and thought of such descriptors as condescending6. 
According to Paul Oliver, historian of vernacular 
architecture, a primary function of this architecture 
is to “create living conditions that are acceptable to 
their occupiers, particularly in relation to the prevailing 
climate”7. He goes on to observe that: buildings “do 
not control climate…but from within the dwelling can 
modify the internal climate, even though it is effected 
by the external conditions.8”  
i  He discusses this concept in a catalogue to his exhibition 
Architecture without Architects’ at the Museum of Modern Art in 
New York.
Regional differences in the styles of the adobe 
hut in Africa show ingenious responses to varying 
climatic conditions. In the tropical savannah of Nigeria, 
where there is a wet and dry season, these huts are 
constructed with double-shelled domes, an inner 
mud wall and an outer thatch skin with a layer of air 
separating the two. According to Fitch and Branch, 
“This construction accomplishes three things: the 
thatch sheds water and protects the clay during the 
rainy season; the air space acts as additional insulation 
during the hot days and the mud dome conserves 
heat for the cool nights.”12 In more tropical regions 
some tribes build huts utilizing woven fibre mats over 
a light wooden frame. When dry the open weaves 
encourage the circulation of breezes through the hut; 
Fig 2.1
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Fig 2.2
Fig 2.3
A tropical stilt house with thatched roof 
from the Admiralty Islands north of New 
Guinea
Fig 2.4
Berber ‘Haush’. Tunisia Matmata
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Fig 2.5
A 1928 photograph of wind catchers ‘manghu’ on the flat roofs of the houses in Hyderabad, Pakistan.
when it rains the wet fibres expand and the mats act as 
“nearly water-proof membranes”13. Only recently has 
contemporary architecture begun experimenting with 
a similar notion of performative or smart skins that 
perform multiple functions and react to the climate.
There are many design nuances to these types 
of buildings, from orientation, geometry and size, to 
specifics concerning building material. The climatic 
performance of adobe construction, for example, can 
be adjusted by varying the types of soil used, the size of 
particles, the degree of compression and the thickness 
of the wall, with the walls thickest where they are 
most exposed14. The engineering of specific solutions 
in response to climate problems is, as Paul Oliver 
observes, ‘often extremely localised’15. The ‘haush’ or 
shaft dwellings of the Berber in Tunisia are a pertinent 
example. These are typically 10-15 m in diameter 
and built in 5-6 m deep shafts, sometimes round, 
sometimes square. Barrel-vaulted chambers carved 
into the earth surround a central courtyard. According 
to Oliver, “Inside the room temperature is pleasant and 
when the desert sands become cold at night, within the 
chambers there is little fluctuation. …The shaft acts as 
a thermal lung exchanging warm air and cool air in the 
course of twenty-four hours”16.
An almost endless range of ‘devices’ has been 
developed to adjust and modulate the interior climate. 
Among these are geometric lattices, which offer 
sunshade while filtering cool air into residences. Some 
of these, such as the ‘rowshin’ in Jeddah Saudi Arabia, 
or the ‘shamashill’ in Iraq, take the form of a box-frame 
projecting beyond the exterior wall like a balcony. These 
produce cool breezy spaces, which are nonetheless 
private, in which one can sleep on warm nights17. 
In Hyderabad, Pakistan, houses have wind catchers 
or ‘manghu’, made of stretched fabric over a triangular 
wooden frame18, and performing a dual function. On 
summer nights they are opened to scoop cool night 
breezes above roof level and direct them down a shaft 
into the room below, whilst in winter they are open 
during the day to allow radiant sunshine to warm 
and light the house.19 Many variations of this design 
principle exist throughout Arab countries such as in 
Egypt, where they are know as the ‘malqaf’. One of the 
earliest references to the malqaf is on a wall painting 
of the “Pharaonic house of Neb-Amum depicted on his 
tomb, which dates from the Nineteenth Dynasty (1300 
BC)ii. It has two openings, one facing windward and 
the other leeward, to evacuate air by suction.20” This 
ii The British museum where the fragments of the tomb are kept 
date this as the 18th Dynasty, circa 1350 BC
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vernacular architecture in some detail as they are 
sophisticated, refined and deeply aesthetic in both their 
formal physical manifestation, and in the pleasurable 
dynamic atmospheric encounters they engender. 
A bâdgir is an adobe tower that rises between 5 and 
33 meters above a building’s roofline21. They are usually 
part of the building but can sometimes be separate 
freestanding structures. The height is determined 
partly by site-specific functional considerations to 
do with prevailing winds and surrounding structures, 
but can also be a factor of wealth and prestige. As 
well as capturing higher air currents, if required, 
taller structures have the added benefit of being 
less susceptible to admitting dusty air that can be a 
common problem in the desert.
There are many different configurations and styles 
of bâdgirs, but all have a minimum of two tower-
top openings, one facing windward and the other 
leeward. These can either be incorporated into a single 
badgir, with two or more sides, or be part of multiple 
one-sided towers or various combinations thereof. 
Throughout the building there are also many other 
openings to the outside that work in conjunction with 
the bâdgir.
Inside the tower a series of divisions exist to aid 
the operation of the bâdgir by funnelling air to various 
rooms throughout the building. As the architect 
Elizabeth Beazley, who researched such Persian 
vernacular architecture in the early 1970s, observed:
The subject is far more complex than it might 
appear to be at first sight and…  considerable 
variations exist. (For example) …a low plain looking 
tower examined in a ruined house (1971 near Farêj) 
revealed an extraordinarily intricate interior with a 
variety of partitions in its short height.22 
All towers perform the same basic function – 
exchanging warm and cool air between the building 
and the outside environment. I will explain how 
this operates below, but first it must be stated that 
the badgir is only part of a larger system of passive 
ventilation, one that serves to freshen, cool or warm, 
humidify or dehumidify and sometimes even to 
perfume the interior atmosphere of a building. 
In its most simple form the system relies principally 
on two complementary systems to regulate the interior 
atmosphere of buildings. First, like many buildings 
found in desert regions, the badgirs have very thick 
adobe walls that effectively regulate and flatten out 
the distinct diurnal temperature cycle. Commonly the 
buildings also have two or more levels and typically 
incorporate a generous below ground (basement) 
level that is used as an important living space. Second, 
the badgir circulates fresh air and exhausts stale 
hot air from the building. Importantly these two 
systems interact with one another enabling a constant 
circulation of air, be there wind or no wind.
discovery confirms that the practice of using wind-
catchers to passively cool and air houses was already 
well established over 3300 years ago.
Remarkable examples of desert architecture are 
also to be found in the Persian Gulf, where the ‘bâdgir’ 
(wind tower) forms part of a complex thermal system. 
An extension on the idea of the wind-catcher, the 
bâdgir is perhaps the most dramatic and elaborate 
vernacular architectural device developed for the sole 
purpose of mediating the internal and external climate. 
I will discuss the passive cooling systems of Persian 
Fig 2.6
Malqaf of the Pharaonic house of Neb-Amun, from a painting on 
his tomb’ Nineteenth Dynasty (c. 1300 B.C.).
Fig 2.7.1
Persian badgir with domed roofs, Yazd Iran
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Fig 2.7.2
Detail of Persian badgir, Yazd Iran
Fig 2.7.3
View of rooftops with Persian 
badgir’s, Yazd Iran
Fig 2.7.4
A tall freestanding badgir’ set inside 
a Persian garden. Yazd Iran
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When there is wind during the hot day air is induced 
down the tower through its windward opening. A heat 
exchange occurs as the thick adobe walls of the tower 
cool the air through a process of sensible cooling;iii the 
heavier cool air then drops and is funnelled through 
the basement spaces where it is further cooled before 
travelling up through the building. Likewise, warmer 
air within the building is exhausted from the leeward 
opening in the tower as well as from various other 
openings, due to both a pressure differential within 
the building created by hot air rising, and a process of 
entrainment caused by the outside air moving over and 
past the top of the tower and around the building.
At night, if there is wind, the process continues, 
but this time the heat that has been stored in the thick 
walls over the course of the day is now slowly released 
into the cooler night air that is induced down the tower 
and into the building. This achieves two things. Firstly, 
the cool night air is warmed to maintain a comfortable 
interior temperature and secondly, the warm air inside 
the building and the stored heat in the building mass 
are removed – by morning the building walls have 
cooled so that the cycle can be repeated the following 
day.
When there is no night wind there continues to be 
an air current moving through the building, as “hot 
ambient air enters the tower through the openings 
and is cooled when it comes in contact with the tower. 
Since cooler air is heavier it sinks down the tower 
creating a downdraught.”23 Warmer, lighter air is forced 
out through other openings by the pressure of the 
downdraught. At night when there is no wind, the cycle 
reverses. The heat that has been stored in the mass of 
the tower and the walls of the building now radiates 
off into the internal atmosphere. This time the tower 
acts like a chimney generating an updraught with the 
warm air rising and cool night air being pulled into the 
building through the various lower level openings. Thus, 
iii Sensible heat exchange, cooling or warming, is an important 
concept of thermodynamics, it occurs when two bodies or 
thermodynamic system exchange heat, one warming and the 
other cooling without a change in humidity.
Fig 2.8
Airflow diagram of a bagdir with 
an underground stream. Yazd, Iran
“the operation of the tower is not constant throughout 
day and night – the cooling effect and the duration of 
each phase of tower operation change according to 
fluctuations in the air temperature, the intensity of 
solar radiation, the wind velocity and so on.”24 
There are many other design elements that aid 
passive ventilation, such as curved and domed roofs 
which, when an air vent is incorporated at the apex, 
produce an updraught when wind flows over the roof 
because the geometry of the roof increases wind speed 
at the apex with the corresponding lowering of air 
pressure that generates a suction. Furthermore, curved 
and domed roofs are exposed to approximately the 
same amount of solar radiation as flat roofs but have 
more surface area to radiate off stored heat into the 
cool night air. 
Fig 2.9
Diagram showing the various operational cycles of the ‘bâdgir’ 
building.
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Whilst undertaking my phenomenological 
investigations observing interior atmosphere, discussed 
in the next chapter, I became acutely aware of differing 
internal and external weather and pressure systems, 
and the complex interplay between these; especially 
during the ‘Atmospheric Sensitivity’ and ‘Atmospheric 
Structure’ projects – see chapter sections 3.4f and 3.5a. 
Persian vernacular architecture is an ingenious example 
of how such systems can be manipulated.
The system of ‘sensible’ heat exchange within 
Persian vernacular architecture also employs 
evaporative cooling. As the Iranian Emeritus Professor 
of Architecture Mehdi Bahadori explains:
Sensible cooling occurs when there is a change 
in the temperature of air without a change in its 
humidity, or water vapour content. Evaporative 
cooling occurs when there is a change in humidity, 
and it can play an important role in the operation of 
the wind towers.25 
An important functional element is that the building 
and its towers are constructed from unbacked adobe, 
which can breathe and absorb moisture. Bahadori 
continues:
When the basement wall of a tower is damp, as is 
often the case, the air coming down the tower is 
cooled both sensibly and evaporatively. In other 
words water on the wall absorbs enough heat to 
be vaporized. Since vaporization requires relatively 
large amounts of heat, wind towers that incorporate 
evaporative processes can cool quite effectively. 
Moreover the humidity that accompanies 
evaporative processes is an important contribution 
to comfort at lower temperatures.26
In modest buildings bowls of water are often placed 
at the lower internal opening of the badgir, or water-
soaked mats hung in front of them. More elaborate 
buildings have pools or even fountains in the basement 
to further increase the evaporative cooling effect and 
create a pleasant ambience.iv In some buildings air is 
also funnelled through an underground stream to cool 
the air before it enters the building – see figs. 2.8 and 
2.11.
Other innovations revolve around the use of 
courtyards and gardens. A building in the city of Bam is 
an exceptional example. As described by Bahadori:
The tower is placed about 50 meters from the 
building it serves, and an underground tunnel runs 
from the bottom of the tower to the basement of 
the building. The ground above the tunnel is planted 
with tress, shrubs and grass. When the ground is 
watered, the water diffuses through the soil so that 
the tunnel walls are kept damp, and air coming 
down the tower and through the tunnel is sensibly 
and evaporatively cooled. A pool and fountain 
where the air enters the basement furnish further 
iv Many buildings of this type can be found today in the Iranian 
city of Yazd.
Fig 2.10
Diagram of a domed roof with an opening in its apex – inducing 
airflow.
Fig 2.11
Fountain in the basement -zir-
zamin’ – of the Moghadam House, 
Tehran, Iran.
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cooling.27 
Persian architecture across its rich history reveals 
a close interplay between gardens, courtyards and 
the architecture, between the open and closed, the 
external and internal. In Arabic a single word, bagh, is 
“used to describe the entirety of palace and garden as 
one unit.” 28 As Penelope Hobhouse characterises it, 
“Iran is a land where harsh winds and fierce dust storms 
sweep across the plains and water is always scarce…a 
land with searing cold winters and burning heat in 
summer”29, but with the combination of a walled 
garden and an open architecture the Persians sought to 
create a paradise by ‘taming’ nature. Or as Yves Porter 
and Arthur Thévenart explain, “Walls materialize the 
barrier or cordon between wild, inhospitable nature 
and a space set aside for a nature reined in by the hand 
of man.”30 
The gardens and courtyards thus became both an 
idyllic space in which to sit and a climatic device that 
interacts with the building. The trees and shrubbery of 
the garden trap cool night air and the high walls keep 
much of it in shade until late morning and again in the 
afternoon. This then becomes a reservoir of moist, cool 
air to be circulated through the building’s interior by 
the badgir in combination with other strategies.
The walled garden is in itself a sort of interior: a 
man-made constructed atmosphere in which all sensual 
elements have been considered, from the song of the 
nightingale to perfume-laden breezes. An 11th century 
poet describes the pleasures of one of the Gardens 
of the Seljuk ruler Malek Shah in Isfahan, thus: “The 
Bagh-e Bakr, fragrant with narcissus, myrtle, and 
saffron, the shaded seats fanned by cooling breezes, 
was made more pleasant by the cooing of doves.”31 
The pleasures of the garden become a manifestation of 
paradise on earth. The Persian garden and the notion 
of paradise (Eden) are closely linked – they certainly 
share the same lineage, and may even share the 
same origin32 Indeed in Hebrew the words ‘Eden’ and 
‘pleasure’ are homonyms.33 Pleasure, paradise and the 
idyllic garden (Eden) are all interlinked, and the climate 
and air play a vital role. In the idyllic garden the climate 
is always pleasant, but not always the same; variation 
and change – the seasonal and diurnal cycles – are 
important elements.v
The different climatic zones afforded by Persian 
architecture, internal and external, allow for domestic 
‘migratory’ patterns. In the morning the courtyard 
or garden offers a pleasant place to sit before noon, 
during the afternoon when the sun is high one can 
occupy the subterranean level (or basement) where the 
ground temperature remains relatively cool, while on 
summer nights the cool desert air makes it pleasant to 
sleep on the rooftop. High parapets provide privacy and 
shielding from dusty winds; furthermore they shade 
the surrounding buildings and narrow streets from 
summer glare, thereby reducing solar heat load34. Thus, 
importantly, clusters of buildings work together as a 
larger system.
v The origins of the Persian garden may have Zoroastrian roots 
and typically employ a ‘sacred’ fourfold symmetry (Porter et al. 
2003).  Often water channels meeting in the centre are used to 
divide a garden. Fragrant flowers such as roses and jasmine would 
be “planted in different quarters so that when the breeze came, 
it came ‘loaded with scent’ ” (Heschong 1979). The Zoroastrian 
Book of Adra Viraz from the 6th century describes “…beautifully 
fragrant winds coming from the direction of the gods…” (Porter et 
al. 2003).
Fig 2.12.1
The Bagh-e Vafa, Babur’s garden 
near Jalalabad made in the early 
16th century had a traditional 
Persian chahar bagh layout 
with water-courses dividing the 
walled garden into quadrants 
and emptying into a basin. 
This miniature is dated. 1680. 
(Hophous 2003)
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A number of quantitative studies have been 
undertaken to investigate the performance 
characteristics of the wind-towers and I will discuss 
two here. The first, undertaken in 1991, analysed 
the performance of wind towers using mainly onsite 
temperature measurements in three different buildings 
over a 24-hour period. The researchers concluded that 
although the towers are quite effective in enhancing 
air circulation throughout the buildings, the internal 
temperature on hot days was at the ‘warmer’ end of 
Fanger’s PMVvi comfort model. But in their conclusion 
the authors of this study acknowledge that Fanger’s 
model was formulated primarily for a Scandinavian 
sensibility and does not necessarily reflect the comfort 
expectations of people living in the Persian Gulf, and 
note that the use of evaporative cooling strategies was 
not considered35. 
The second study focused on airflow through the 
wind tower and attached house, and used two models 
to analyse this – a physical 1:40 scale model tested in 
a wind tunnel and a digital CFDvii model subjected to 
airflow simulations. This experimental investigation 
“demonstrated the potential of a two-sided wind 
catcher for enhancing natural ventilation36” but the 
vi P. O. Fanger was an important Danish thermal climate 
engineer whose famous MPV equation is a mathematical model 
based on laboratory studies that uses a series of six parameters 
that allows HVAC engineers to optimise the thermal satisfaction 
for at least 80% of occupants in a space.
vii Computational fluid dynamics.
researchers noted that the performance was “strongly 
dependant on the pressure coefficients at the wind 
catcher openings”37, which are determined by the 
wind angle. The authors appear to have ignored the air 
movement generated by temperature differences and 
did not measure or take into account the site-specific 
winds. As a result the models were over-simplified and 
did not reflect the many critical design elements and 
intricacies found in the actual towers and buildings. 
Thus although these quantitative studies did 
conclude that the wind catchers were of benefit, they 
may have underestimated that benefit in that they 
did not take into account the larger system of passive 
ventilation and the various relationships between air 
movement, temperature differentials, humidity and so 
on. More importantly, they did not acknowledge that 
quantitative data could only ever reveal part of the 
complex story. The researchers did not supplement 
or contextualize their findings against a qualitative 
assessment of the interior atmosphere – how these 
spaces actually feel at different times of the day and 
cycles of tower operation. Nor did they take into 
account, or even comment upon, how occupants 
actually use these spaces, from the ‘migratory patterns’ 
of habitation across the day and night, or the use of 
evaporative cooling techniques along with simple 
modulation devices such as the opening and closing of 
shutters.
Fig 2.12.2
Walled Persian Garden, viewed from outside.
Fig 2.12.3 (opposite page, above)
This pool within a Persian garden highlights the fluid interplay between inside and outside
Fig 2.12.4 (opposite page, below)
Inside a Persian Garden, Iran. 
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But there is a simple historical logic here: Persian 
and Arabian vernacular architecture has developed 
over more then 5000 years and, as the wall paintings 
from Neb-Amum’s tomb reveal, had already developed 
to a high level of sophistication employing a working 
knowledge of thermodynamic principles as early as 
1350 BC, or possibly earlier.  If these wind-catchers 
were not highly effective devices it is exceedingly 
unlikely that the Persian’s would have continued 
to employ great effort and money building and 
maintaining them, and further developing their design, 
over the last four or so millennia. 
My research into the passive ventilation systems of 
Persian vernacular architecture developed into a deep 
fascination. I was impressed by the unexpected level 
of sophistication and innovation in working with the 
ever changing diurnal and cyclic climatic conditions, but 
more importantly, I realised that as the antithesis of the 
closed-off, hermetically sealed air-conditioned building 
type, this vernacular – with its complex, dynamic 
and rich temporal experiential encounters – offers 
important clues/insights/approaches to the designer 
seeking ways to design with air. I had stumbled on a 
gold mine. Academic texts detailed the history and 
design, explained the various principles and operation, 
and measured the performance and thermodynamics 
using the tools and methods developed for analysing 
modern systems of atmospheric control and comfort, 
but what was almost entirely missing from such texts is 
a detailed description and analysis of how these spaces 
and the corresponding atmospheres would feel like to 
the occupants at different times and seasons. What are 
their experiential and perceptual qualities? It is clear 
that a significant study and contribution to this topic 
is yet to be made. Elizabeth Beazley points out that a 
“wealth of local knowledge must exist, but presumably 
this is chiefly empirical”38, meaning that it is held by 
the builders and users of this vernacular architecture. 
Another potential repository of personal responses to 
interior atmosphere is Persian lyrical poetry, given its 
sensitivity to the surroundings and the importance of 
the walled garden in Persian history and mythology; 
but until this becomes available in English or German 
translation, it is not accessible to me. 
The passive cooling systems incorporated into the 
vernacular architecture of the Persian Gulf demonstrate 
that by clever application of basic principles of 
thermodynamics, local knowledge and building 
materials, and the use of various modulating devices, 
one can work with the external environment to achieve 
a favourable interior atmosphere. Importantly, by 
designing the built form as related to and interacting 
with the dynamics of its surroundings, a complex 
system powered by rather than impeded by the 
external climate is achieved: “A passive cooling system 
exploits the very features of the climate it seeks to 
overcome. For this reason the passive cooling and 
ventilation systems of Iran cannot be applied at random 
in other areas of the world.”39 
Different climates require different strategies. In 
tropical and semi tropical regions the strategies already 
discussed for desert regions would be ineffective 
because “here heavy rainfall and high humidity are 
combined with moderate air temperatures and intense 
solar radiation. There is no seasonal, and very little 
diurnal, variation in temperature. Thus shade and 
maximum ventilation are the critical components of 
comfort.”40 
Consequently, the roof assumes a critical role: “The 
importance of the roof as a major architectural form is 
underlined by the need to shelter from the hot sun and 
rain. The walls are comparatively unimportant except 
for reasons of privacy and security.41” Typically the 
roof, high and steeply pitched to encourage breezes, 
and lightly constructed to minimise the absorption 
of solar energy, covers a relatively large and roughly 
square – although sometimes round – floor plate. This 
optimises protection from the sun – even when it is 
rising and setting – and from rain, which when driven 
by storms can enter almost horizontally. “Samoan 
houses, locally known as ‘fales’, represent the ultimate 
in this approach [as] they are no more than pavilions 
on raised floors where walls are entirely absent and 
the roof is supported on round wooden pillars.42” The 
predominant tropical building material is timber due to 
its abundance and comparatively low thermal mass.
The vernacular timber houses of North Queensland, 
Australia, built from the 1860s until WWII, exhibit the 
key features of tropical architecture from around the 
world. The ‘Queenslander’, as it is colloquially known, 
“is of so distinct and local a character as to deserve 
some explanation.”43
The coastal climate in North Queensland can 
be characterised as having two seasons: warm to 
hot and wet in summer, and cool and dry in winter. 
“Mean daily summer temperatures range between a 
minimum of 24°C and a maximum of 31°C in January 
in most areas between Townsville to Cooktown, and 
winter temperatures in July generally fall between a 
minimum of 15°C and a maximum of 25.”44 Unlike the 
temperature demands of the Persian Gulf, Queensland 
does not get particularly cold nor exceedingly hot, but 
the humidity is high, the sun intense and tropical rains 
and destructive storms are frequent. 
Early European settlers replicated the architecture 
and customs of their homeland, but not surprisingly 
soon found these most inappropriate. Peter Bell points 
out that early European explorers, pastoralists and 
miners, once acclimatised, “found it convenient, and 
even preferable, to sleep in the open air.45” In the 
1860s, English explorer and artist Charles Harris Allen 
travelled through Queensland and described their 
houses as becoming “heated like ovens under the 
fiery glare of the tropical sun.”46 Allen recommended 
that lessons should be learnt from the “Anglo-Indian”. 
Although the colonial Indian influence is clear, the 
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exact design origins of the Queenslander are most 
likely diverse and remain the subject of debate by 
Architectural historians such as Bell (1984) and Saini 
(1982).viii
Typically the Queenslander is a relatively large 
square-shaped dwelling, lightly built of timber and 
weatherboards with a high-pitched roof and a deep 
viii Peter Bell in his book ‘Timber and Iron’ undertook what 
may be to this date the most exhaustive historical research on the 
origins and characteristics of 19th and early 20th Queensland 
domestic architecture.  Although he concedes that the North 
Queensland house does not amount to a truly vernacular style 
(and even the definition of vernacular needs agreeing upon) as 
virtually all aspects of the Queenslander can be found elsewhere, 
it is at the very least, in it’s many and particular arrangement 
of building features, a ‘unique’ building type particularly well 
adapted to the climate and conditions; including the need for 
relatively low cost housing and the often remote locations to 
which the building material needed to be transported.
veranda on three or all four sides. The building is 
elevated off the ground on timber or concrete stumps 
up to 2 meters high. The front and back doors – 
positioned centrally at each end of the house – are 
connected by a wide hallway that encourages breezes 
to flow through the house when both doors are open.
The design of the Queenslander, when skilfully 
executed and appropriately sited, is in many ways all 
about encouraging airflow and minimising heat build 
up. Bell cites considerable historic documentation, 
mostly from newspapers of the day (e.g. The 
Queenslander 23 September 1871 & 5 June 1875), 
which confirms that the central design principle of 
these high-set houses was to “get the breezes” and 
provide for “cool and airy” rooms47. Elevating the 
house also had other advantages such as protection 
from floods, enabling easy inspection for white ants – 
which destroyed many early buildings – and allowing 
for a shaded workspace under the house. It took time 
for the Queenslander to reach its lofty elevation of 2 
metres, but the process was continuous, indicating that 
occupants clearly saw this as an advantage.ix
While the roof plays a critical role, the veranda, in 
conjunction with numerous complementary design 
devices, as well as the behavioural patterns of the 
occupants, became the most important design element 
in response to climate, and the most pervasive feature 
of the “North Queensland house.”48. While having many 
functions, the verandas were employed specifically to 
shade the house from the intense solar radiation and to 
act “like a wind scoop” 49 directing breezes through the 
building rather than over it; they also helped to reduce 
glare and keep rain off the house, allowing windows 
ix  The early houses of the 1870s were on relatively low 20 
centimetres stumps, rising to one meter over the next 20 years 
and reaching two metres by the early twentieth century.  
Fig. 2.13
Traditional dwelling of the Pacific Islands. Open and elevated 
to catch the prevailing breezes.
Fig. 2.14
An early example of a 
Queenslander on high pillars, 
date unknown.
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and doors to remain open during the refreshing 
rainstorms, as well as providing “an external sheltered 
space at relatively low cost.50”
The width of the veranda varied markedly from 
just under 2 metres to well over 3 metres or more. 
Correspondence by early settlers states that a 
veranda on one side of the building is insufficient and 
recommended verandas “all round”, at least “eight 
to twelve feet wide.”51 In many cases the veranda 
occupied more area then the actual house52 and were 
the most important part of the house: “People used 
them for living, eating, sleeping and entertaining.”53 
During the warmer months the internal rooms were 
often only used for formal occasions and for keeping 
expensive possessions and furniture.  The veranda 
allowed for a relaxed, “informal semi-outdoor lifestyle 
ideally suited to the climate” 54, a lifestyle that has 
become synonymous with Northern Queensland. In this 
sense the “Queenslander house faces outwards more 
than inwards.55”
The design features of the veranda allowed 
occupants a high degree of climate control: “adjustable 
shutters, screens or blinds (in timber or canvas) 
to shade out the sun by day and allow cool air to 
penetrate by night”56, or to be “closed during cyclonic 
storms”57, and horizontally pivoted louvers to help 
“direct the moving air onto the occupants.”58 Fretted 
and perforated panels, brackets and pediments 
and often highly decorative wrought-iron lacework 
balustrades created a beautiful dappled effect of light 
and shade whilst not restricting the breezes. Often 
verandas were fully furnished with chairs, tables and 
beds. Cane and slatted timber furniture being light 
and manoeuvrable was more popular than traditional 
upholstered furniture and importantly, allowed “air 
to circulate freely around the body during sultry 
conditions.”59
The houses featured French doors instead of 
windows allowing the house to be almost entirely 
opened up to the air; often the only window was in 
the kitchen. Operable louvers were placed above 
internal doors facing the corridor to control the internal 
circulation of air, which was further enhanced by 
relatively high ceilings. Roof-mounted vents and timber 
or iron ventilators were featured in diverse designs; 
curved blades would spin as a result of wind pressure 
and exhaust hot air from inside the building60.
Queenslanders were commonly prefabricated or 
‘ready to erect’ as newspaper advertisements from 
the turn of the century (19th – 20th) show. Buyers could 
choose from a range of configurations and features61; 
depending on the builder’s skill in making the 
appropriate choices for plan configuration, features and 
importantly site orientation, some Queenslanders were 
more effective in mediating the climate than others.
Fig. 2.15
Victorian era Queenslander 
showing the many features 
adapted to allow for breezes to 
cool the occupants, including 
cane furniture and fretted 
balustrades.
Fig. 2.16
Example of informal ‘veranda’ living.
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Fig. 2.17.1
Partial screen shielding at the 
front entrance provides for 
privacy while allowing cool 
air to flow through the central 
corridor (Saini 1982)
Fig. 2.17.2
Adjustable shutter screen 
provide shading during the day 
and airflow at night.
Fig. 2.17.3
Internal wodden shutters that 
adjust automatically to the 
pressures of cyclonic winds 
(Saini 1982)
Fig. 2.17.4
An internal fretwork panels 
allow constant air circulation 
through the interior.
Fig. 2.17.5
An example of roof mounted 
ventilation to exhaust hot stale 
air.
Aesthetics of Air
40.
Although the Queenslander differs dramatically 
from the Persian house architecturally, they share 
similarities in the way the house can be used and 
adjusted in response to the ever-changing climate. 
Optimum climatic performance is achieved by working 
the house like a machine – fine tuning devices such as 
louvers and blinds to ‘pleasure’ and temper the interior 
air – and by its residents migrating through, in and out 
of the house, in search of the perfect spaces for the 
rituals of daily life.
In many ways the Queenslander has become 
the archetypal Australian house, evidenced not by 
a presence in the mainstream suburban building 
market, but by the many architects – including Glenn 
Murcutt, Peter Stutchbury, Rick Leplastrier, Robin 
Boyd and contemporary Queensland firm Bark Design 
Architects – who have reinterpreted and built upon its 
climatic responsive features and been inspired by its 
characteristic ‘facing out more than in’ aesthetic and 
the ‘informal semi-outdoor’ lifestyle this offers.
A series of my explorations, discussed in chapter 
3, focused on exploring how air moves through - in/
out - windows and internal spaces – see section 3.4c 
to 3.4e. I discovered how complex this relationship 
is and how it is almost impossible to predict how air 
circulation would be effected by opening or closing a 
window or door. The many features developed in the 
Queenslander for modulating airflow could serve as 
inspiration for rethinking ways of designing internal air 
movement, which the occupant can manipulate.
2.2 nailing the windows shut
Over the last century, new technologies have 
given rise to strategies and approaches to regulating 
interior climate markedly different to those developed 
by vernacular architecture over past millennia. As a 
consequence, the very concept of a building is itself 
changed. No longer a semipermeable membrane 
mediating internal and external atmosphere, the 
building has become a sealed container filled with an 
air-conditioned atmosphere that bears no relationship 
to the outside. In contrast to the Persian house or the 
Queenslander, the external climate has in effect been 
transmuted and our relationship to it negated. The 
connection occupants of a hermetically sealed building 
have with the outside world is reduced to the visual; 
the inability to ‘connect’ perceptually with the outside 
elements may induce a form of mild claustrophobia as 
if the senses had been numbed.
The desire to create interior spaces free from the 
whims of unruly weather, where occupants can enjoy 
a constant and predictable interior climate is arguably 
a long-held human dream, a kind of mechanical Eden 
finally made possible in the early 20th Century with 
developments in technology. Based around the notion 
of comfort, itself a somewhat abstract and contested 
concept62, interior climates are set according to 
thermal comfort theory, which had emerged in the 
1st quarter of the twentieth century and developed 
into a well-established ‘science’ by the 2nd half. In very 
concise terms, thermal comfort theory as enshrined 
in building standards such as ASHRAEx and practiced 
by the large majority of HVACxi engineers, stipulates a 
steady-state atmosphere of standardized and controlled 
air temperature, movement and humidity. These 
atmospheric coordinates are set within a very narrow 
envelope of 23.5 ± 1.5°C with a moderate humidity (RH 
= 50%) and minimal air movement – less then 0.2 m/s 
with as little fluctuation and turbulence as possible. 
This envelope is considered the desired ‘neutral’ zone 
in thermal comfort, a zone in which human subjects are 
to register no stimulation and experience no sensation 
from the air. To achieve these performance criteria 
requires buildings to be hermetically sealed from the 
external environment and a tightly controlled air-
conditioned environment to be introduced. The most 
sophisticated air-conditioning systems are “judged on 
their imperceptibility”63, with the stated aim of comfort 
in this sense being measured in terms of the absence of 
discomfort and not in terms of the presence of pleasure 
or delight.
Although quantitative data from laboratory 
comfort studies using analytical instruments and 
psychometric tools has shown that such a controlled 
environment can produce the stated outcome of 
minimizing thermal discomfort, there are a number 
of key arguments against current thermal comfort 
practices. Most important perhaps is the impact 
such a practice has on exacerbating climate change 
and associated environmental consequences64. It is 
estimated that more then 33% of the world’s energy 
is used to cool, heat and light buildings, with air 
conditioning being the largest contributor of energy 
use.65 And with an emphasis on ever more airtight and 
rigorously controlled buildings, Heather Chappells and 
Elizabeth Shove suggest that maintaining these indoor 
comfort standards, “commits societies to dangerously 
unsustainable patterns of energy use.”66 A recent 
editorial in the respectedxii professional HVAC journal 
‘Indoor Air’67 raises the issue of climate change in 
context of indoor thermal comfort; however, of all the 
suggestions made there was no mention of modifying 
or considering a different approach to the established 
methodology. This highlights how entrenched the 
‘hermetic’ paradigm has become. There is also much 
credible research that shows how such conditioned 
environments can have health implications, sometimes 
x ASHREA, American Society of Heating, Refrigeration and Air-
conditioning Engineers; considered the leading international body 
driving thermal comport specifications and standards.
xi HVAC, Heating, Ventilation & Air Conditioning
xii ISI Journal Citation Reports Ranking: 2012: 2/57
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example, at around freezing point – the temperature on 
a typical New York winter’s day – one cubic metre of air 
can only carry a maximum of about 5 grams of water, at 
which point the air is at 100% relative humidity; whilst 
at 30°C, 100% relative humidity represents almost six 
times that amount, that is, about 30 grams of water per 
cubic metre. To overcome this drying effect, around the 
turn of the 19th century a few engineers such as Alfred 
Wolff began experimenting with humidity control for 
the homes of a few exceptionally wealthy clients, such 
as Vanderbilt and Carnegie. Adding humidity control 
to temperature regulation (heat) and air distribution 
(ventilation) saw this system termed ‘air conditioning’, 
although the cooling of air was not yet a component.
The earliest systems incorporating chilled air for 
comfort cooling were rather primitive contrivances in 
which racks of ice were placed in the air supply ducts, 
reminiscent of methods previously developed in Arabia, 
China and even ancient Rome, except that the fans 
blowing air over the ice were mechanised and the 
ice derived from a process of chemical refrigeration. 
Alfred Wolff engineered such a system in 1889 to 
cool Carnegie Hall in New York, and later that year 
he designed a more sophisticated system for the 
postgraduate dissecting room at the Cornell Medical 
College, though this was more for the preservation of 
cadavers than comfort cooling for students. The system 
used a large ammonia-absorption refrigeration machine 
to cool a brine solution that was carried by pipes to the 
dissecting room, where air was blown over the pipes to 
produce a supply of cold air72. Wolff designed a more 
advanced system for the New York Stock Exchange 
building, which opened in 1903, which was an early 
attempt to supply chilled air while also controlling 
humidity levels. 
More unique, but also short lived, was a system 
deployed in the late 19th century for at least six major 
cities across the USA in which refrigerant from a 
central station was piped through the city directly 
to customers, much like water, gas and electricity. 
Although this was primarily used for cold storage, in 
1891 at least one customer in  St. Louis Missouri used 
the refrigerant to cool his restaurant, aptly named the 
Ice Palace.73
2.4 manufacturing humidity
The real impetus for air-conditioning to develop 
into its modern counterpart came not from the desire 
for comfort, but for quality control in the burgeoning 
manufacturing industry. The pressing problem to 
overcome, especially where hygroscopic materials 
such as textiles were involved, was how to maintain 
consistent and predictable levels of humidity within 
the factory building. Humidity fluctuations, either 
too low or too high, could have deleterious effects: 
“[…] cigarette machinery jammed, chocolates turned 
grey, and cotton threads broke.”74 High quality colour 
very serious.xiii These consequences alone are enough 
to mount very strong arguments for revising current 
practice, but in terms of architecture and design an 
equally important issue to be considered is how such 
environments impact on the occupant and limit their 
aesthetic experience of space. 
Why this concept of interior climate became the 
expected standard in such a short period of time – a 
few decades from 1950s to 1970s – and created such 
a large paradigm shift in terms of building design 
and construction techniques requires a deeper look 
at the origins and development of air-conditioning 
systems, and the concept of climate-controlled 
interiors, to identify the forces that came to shape 
the current approach with such authority. It was not 
a straightforward path, nor one entirely driven by 
systematic reasoning and the logical progression of 
technology. Indeed, Historian Gail Cooper, who wrote 
an authoritative history of air-conditioning, describes 
the “development of air conditioning as a series of 
contested choices and not as an inevitable progressive 
development.”68
2.3 air-conditioning pioneers
The initial development of mechanical air-
conditioning occurred predominantly in the USA during 
the late 19th and early 20th century.  In her book Air-
Conditioning America: Engineers and the Controlled 
Environment, 1900 to 1960, Cooper identifies Alfred 
Wolff, Stuart Cramer, and Willis Carrier as the pioneers 
of modern electromechanical air-conditioning (or ‘man-
made weather’ as it was referred to at the time). In 
1911 Willis Carrier informed his engineering colleagues 
that a specialized engineering field has recently 
developed, technically known as air conditioning, or 
“the artificial regulation of atmospheric moisture.”69 
Carrier is often referred to as the “father of air 
conditioning.”70
The early development of air-conditioning 
is characterised by two categories: process air-
conditioning for manufacturing and comfort air-
conditioning for people. The first mechanically air-
conditioned interiors appeared in the late 19th century 
in a handful of public buildings and a select number 
of homes of the very wealthy. Although mechanical 
heating was already common it produced a dry 
heat that “pulled the moisture from human mucous 
membranes, skin and hair.”71 The reason for this is 
the reciprocal relationship between humidity and 
temperature: the lower the temperature, the lower the 
capacity for air to contain moisture. When cold air – 
which is relatively dry – is heated, the relative humidity 
level decreases with the rising temperature. For 
xiii for example, see Mendell, Mark. “Non-Specific Symptoms 
In Office Workers: A Review And Summary Of The Epidemiologic 
Literature,” Indoor Air 3, no. 4 (2004) 227-236.
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printing, where a piece of paper passed though 
the press several times, was even more sensitive to 
changes in humidity; the paper could swell or shrink 
making precise colour registration almost impossible. 
By accurately controlling humidity, manufacturers 
could achieve “better quality, fewer defects, and 
the opportunity for year round production.”75 Air-
conditioning, as a system of humidity control, as 
opposed to air-conditioning for comfort cooling, 
provided the solution. 
To effectively regulate humidity levels within the 
factory building, engineers needed to work with an 
interior atmosphere that they could control. Wolff, 
Cramer and Carrier achieved this by closing the 
windows and other sources of exterior ventilation, 
effectively sealing off the building “and drawing a sharp 
distinction between the inside and the outside.”76 The 
engineers needed to consider the diverse factors which 
affected the inside atmosphere, from the external 
conditions, the structure of the building itself, and 
the heat emissions from machinery, to the effect the 
workers had on the interior air: “In other words, they 
had to view the factory as both building and process.”77 
Once all these factors had been calculated and 
accounted for, they could then introduce their tightly 
controlled ‘man-made weather’.
In a 1912 promotional catalogue an air-conditioning 
company declared, “with our equipment the 
manufacturer is enabled to defy climatic conditions 
or weather fluctuations and discount geographical 
location.”78 Up until then geography and its associated 
climatic conditions had been a key factor in locating 
many types of manufacturing; Manchester in the UK, 
for example, was an ideal site for textile mills due to 
its temperate maritime climate and higher levels of 
humidity.
Factories were the perfect testing ground for 
developing this new technology. Not only was there a 
pressing need in the fast growing industrial complex, 
but with the gains made in consistent quality and all-
year production, reducing costs and increasing profits, 
the price of air-conditioning equipment and its running 
costs would be easily offset. But ideal atmospheric 
conditions for the manufacturing of goods did not 
necessarily accord with those desirable for human 
workers and often had negative impacts on their ‘health 
and comfort’.79 Workers’ desire to open windows to 
access cooling breezes disturbed the atmospheric 
balances set by the engineers; humidity levels would 
drop, “with disastrous result for the product.”80 The 
engineers viewed this clash of differing imperatives – 
the need for humidification and the need for ventilation 
– as just another problem to be solved and not beyond 
the abilities of technology and human ingenuity.
The development of ‘man-made weather’ coincided 
with and fed into the vision of modernity at the time. 
To be a truly modern man, one must have complete 
control of all circumstances and the ability to control 
climate, at least indoors, was central to this ideal: 
“We could – and some argued we should – close our 
windows forever.”81 In a series of lectures delivered 
in 1929xiv, the Swiss architect Le Corbusier declared 
the need for “window walls with airtight joints”82. 
He imagined “one house for all countries, the house 
of exact breathing”83, where manufactured ‘exact 
air’ would forever circulate through the veins of the 
airtight building at exactly 18°C: “The Russian house, 
the Parisian, at Suez or in Buenos Aires, the luxury liner 
crossing the Equator will be hermetically sealed.” A 
future full of climate-controlled glass covered or domed 
cities were already part of the popular imagination, 
from turn-of-the-century chocolate-box postcardsxv to 
H.G. Wells’ 1905 book, A Modern Utopia. 
xiv Published in Le Corbusier’s book ‘Precisions’ in 1930.
xv To commemorate the turn of the century (1900) the German 
chocolate manufacturer ‘Hildebrands Deutsche Schokolade’ 
produced a series of 12 postcards that envisage the year 2000, 
including one depicting a covered city with perfect year round 
weather.
Fig. 2.18
To commemorate the turn of 
the century (1900) the German 
chocolate manufacturer 
‘Hildebrands Deutsche 
Schokolade’ produced a series 
of 12 postcards that envisage 
the year 2000, including one 
depicting a covered city with 
perfect year round weather.
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1.5 the ‘natural air’ movement
During this time there were other voices that 
promoted an altogether different vision of how to 
approach climate and live with and in nature. Unlike the 
engineers, they were not a distinct professional body 
nor even a cohesive group, but instead represented 
many different albeit not necessarily conflicting 
agendas. Gail Cooper refers to this movement as 
the ‘open-air crusaders’ and they did include such 
voices, but they were altogether a much broader 
grouping than that – from medical practitioners 
and researchers, health and social reformers, and 
educators, to philosophers, writers and artists. They 
were connected by a shared belief in the therapeutic, 
aesthetic, and sometimes even spiritual powers of 
nature, a perception of nature as significant and their 
desire to be intimately connected to it, often living in 
and with nature. Many of the theories relating to these 
viewpoints, especially the philosophical tenets and the 
medical practices, were by this time well established 
and, at least in part, global, being particularly 
prominent in Germany and most of Europe including 
Scandinavia and Great Britain, but also in North 
America  (USA and Canada), Australia and New Zealand. 
Their conviction in seeing nature as a vital force may 
be traced to two different but none-the-less connected 
systems of thought. On the one hand we may consider 
the often idealised, romantic and aesthetic tendencies 
towards nature and living with nature that developed 
during the 19th century; from the philosophies of 
Hegel and Husserl in Germany, the writings and 
poetry of Henry David Thoreau and Walt Whitman in 
America, to the art of the Romantics – such as J. M. 
W. Turner and Caspar David Friedrichxvi – and later of 
the Impressionists and the design and architecture 
of the art-nouveau period. On the other there was a 
considerable social reform movement that reacted to 
a period during which the sun and open air was almost 
shunned, with children tightly wrapped in blankets and 
women in restricting corsets and oppressive frocks, 
people living in damp, dark and dingy houses with 
a lack of good sanitation, poor air and water quality 
and even poorer nutrition. This resulted in a large 
proportion of the populating suffering from ailments 
xvi The Metropolitan Museum of Art, New York, even held 
an exhibition dedicated to the open window in Romantic art, 
‘Rooms with a View; the Open Window in the 19th Century’, 
April 5 – July 4 2011.
Fig. 2.19
An apartment with a home gym. 
Designed by Marcel Brauer 
and Gustav Hassenpflug, Berlin 
1929.
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associated with such a lifestyle: rickets (lack of vitamin 
D), tuberculosis (poor air quality), malnutrition and 
poor general health. The late 19th and particularly the 
early 20th century saw an almost evangelical zest for 
open-air, sunshine, exercise and good nutrition. Whilst 
the art-nouveau designers revered nature in their 
designs, the early modernists enticed nature into the 
interior with open plan houses that featured large floor 
to ceiling windows that could be slid open to connect 
the inside to the outside, white walls that reflected the 
sun and gleamed with cleanliness, home gymnasiums 
for exercise and the whole house or housing complex 
surrounded by trees and gardens.  The prototypical 
‘Haus am Horn’ built by the Weimar Bauhaus in 1923, 
the 1927 Weissenhofsiedlung in Stuttgart and the 
projects by Marcel Brauer and Gustav Hassenpflug are 
but a few examples. 
In Germany, since the middle of the 19th 
century, this sentiment towards connecting with 
nature, healthy living and releasing the shackles of 
oppressive traditions was so pervasive that the term 
‘Lebensreform’ (life-reform) was coined to capture a 
whole new philosophy towards living, the body, health 
and nature. This was perhaps most succinctly captured 
by the Freikörperkultur (FKK) or free-body-culture 
movement, which promoted a naturalist approach 
to life – including public nudity -  and gained great 
popularity.  Likewise the traditional Finnish sauna 
was popularised well beyond Scandinavia. But it is 
perhaps the sanatorium that captures the theories and 
sentiments of these diverse groups most succinctly, 
promoting not only the aesthetic pleasures of an open 
lifestyle that shuns oppressive and restrictive clothing – 
connected to nature, sunshine, fresh air and good diet 
– but also presenting this lifestyle as a medical practice 
and cure to tuberculosis, rickets and other ailments, 
and scientifically analysing and documenting the 
health benefits of such a lifestyle. The famous Paimio 
sanatorium designed by the Finnish architect Alvar 
Aalto is an excellent example of how design, medical 
theory and philosophy became integrated.
Concern during this period extended in particular 
to the poor health of children and attending to their 
wellbeing before it became chronic. This spawned 
the Waldschule (forest-school) campaign in Germany, 
initiated by Dr Bernhard Bendix and Hermann Neufert, 
Fig. 2.20.1 and Fig 2.20.2
The Paimio Sanatorium, Paimo Finland, designed by Alvar Aalto and completed in 1932, is an excellent example of how design, 
medical theory promoting open-air therapy and philosophy became integrated.
Fig. 2.21.1
Waldschule (Forrest School) Berlin Charlottenburg, Circa 1910.
Fig. 2.21.2
‘Food and Fresh Air’. Open Air School in Blackburn, Melbourne, 
Victoria. Circa 1915.
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which soon grew into the international open-air school 
movement84 that included the Open-Air Crusaders, 
notably Elizabeth McCormick85 in America, as well 
as many schools throughout the world including 
New Zealand and Australia. Children were taught in 
classrooms – whose sun-facing walls would be fully 
opened in all seasons – or wholly in the open. Classes 
were even held entirely in the forest.
Sir Leonard Hill captures both sides of this 
movement: the philosophical and aesthetic as well 
as the medical, social and scientific.  Hill has been 
described as the “real founder of applied physiology 
in England”86 and was a leading medical researcher 
who is perhaps best remembered for his research into 
‘Caisson Sickness’ (decompression sickness) in divers 
and the development of the decompression chamber. 
But more importantly, in context of this discussion, 
Hill was a passionate advocate of the healing power of 
open air, sunshine and climatic variation, and of nature, 
and was likewise elated by the aesthetic pleasures 
that such a lifestyle brought. Much of his mid and 
later career focused on extensive research into curing 
diseases and ailments through a regime of exposure 
to fresh air, ultraviolet radiation, exercise and climatic 
and thermal therapy. For example, he prescribed 
his patients at the sanatorium a treatment which 
included trekking through the alpine landscape in the 
early morning frost and snow with no overcoat and 
pronounced that “at mid-day it is not only comfortable 
but also exhilarating to sit on a chair planted on the 
snow covered roof, stripped save for bathing drawers, 
and there enjoy in privacy a sun bath in the calm, cool 
air”87; in the evening “after dinner all ambulant patients 
enjoy a period indoors in the warmth of a log fire”88; 
and although “the windows were closed at sundown so 
as to dress for dinner in a room warmed by hot-water 
coil, just before jumping into bed one flings open the 
double door-like windows and sleeps in the air which 
often freezes the sponges and even the water in the 
ewer.”89 Before the advent of antibiotics, such regimes 
in the sanatorium proved to be extremely successful 
in treating tuberculosis and spawned many associated 
theories promoting the health benefits of open air 
and exposure to climatic variances, from hot saunas 
to swimming naked in icy water. Although Hill was not 
responsible for the development of the sanatorium, 
which originated some 50 years earlier, he had 
undertaken and published in-depth research into the 
methods and benefits of this treatment.xvii
Hill also made much of the aesthetic pleasures 
of such a regime conducted in the ‘exhilarating 
atmosphere’90, and ‘sunshine, and healthy dry, bracing 
air’91. He writes rapturously about the delights to 
be experienced by opening curtains and windows 
and connecting oneself to the elements and nature. 
xvii For his contribution to science Sir Leonard Erskine Hill was 
elected a Fellow of the Royal Society in 1900 and knighted in 
1930.
Fig. 2.22.1
‘Children dressed on in lion-cloth and boots snowballing’. 
Leonard Hill regime. Circa 1920.
Fig. 2.22.2
Fig. 2.22.3
Images for medical journal showing before and after treatment.
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Rising early to “watch the first tinges pink at dawn”, 
then being afoot in the crisp snow which “crunches 
beneath the feet”, and later “gazing before sleep [with 
open windows] upon an artic world”, the regime Hill 
promoted was aimed at all, not only the sick, and one 
he personally adhered to. Even in his later years he 
would regularly rise at “six in the morning, bicycle two 
to three miles through Epping Forest and bathe in a 
forest pool…And this all the year round.”92
Hill’s romantic notion of nature and the open-
air would no doubt have been influenced by the 
sentiments of the time. In what has become a seminal 
essay, ‘The Open Window and the Storm Tossed Boat’, 
Lorenz Eitner reveals the open window as a potent 
symbol of 19th century art that concisely captures the 
“romantic attitude towards nature, which particularly 
concerned the artist.”93 Eitner explains that the “pure 
window is a romantic invention – neither landscape, 
nor interior, but a curious combination of both.”94 
Inspired by Eitner’s essay the New York Metropolitan 
Museum of Art (MET) held a comprehensive exhibition 
featuring over 40 different artists focusing on the 
iconography of the open window.95 One particular 
painting that was both discussed by Eitner and featured 
in the exhibition at the MET, is ‘Balcony Room 1845’ by 
Adolph Menzel. This painting does not actually offer 
a view of the outside, but instead reveals the poetic 
play of phenomena as “the sunlight and the air from 
the outside enters a quite room, quite tangibly, in the 
luminous folds of the curtain.”96 
Such an approach to both interior and exterior 
climate – in which natural elements are romanticised 
and change and variance welcomed, and often 
celebrated as both beguiling (aesthetically) and 
beneficial (physiologically) – is directly opposed to 
that espoused by air-conditioning engineers and 
others exalting ‘man-made’ weather systems, who 
viewed outside weather, however slightly adverse, as 
something to be controlled or negated altogether.
2.6 whole air effect – engineers 
investigate the healing powers of 
air.
The principle concerns of the various ‘open-air’ 
groups about air conditioning was focussed on health 
rather than comfort. The influence of these groups, 
which at the time included the mainstream of medical 
practice, was sufficient for the engineers and others to 
set themselves the task of investigating what conditions 
made for a healthy interior climate.
At this time the mountain air of the sanatorium 
and similar health-giving climates such as the beach 
were considered the ideal therapeutic climes. 
Correspondingly some engineers “tried to analyse 
the elements that made up the outdoor climate and 
to reproduce them inside.”97 In a 1916 handbook on 
ventilation, a discussion on why air in a resort town 
was considered more invigorating than that of an 
inland manufacturing town under “similar conditions 
of barometer, thermometer and hygrometer”98 led to 
the hypothesis that it was the higher concentration of 
ozone (O3) found in the air that was responsible. As a 
consequence artificially produced ozone was pumped 
through ventilation ducts such as those of the London 
tube railways, where it “imparts an agreeable odour, 
and is said to produce an invigorating effect similar to 
that experienced during a visit to a bracing resort”99. 
Ozone-producing products for domestic interiors, such 
as ozone generators, are still marketed today with 
claims of producing a “fresh, clean, spring rain smell” 
and “mountain fresh air” along with a range of other 
benefits such as controlling odour, bacteria and mould 
reduction100. However there is considerable scientific 
evidence spanning nearly 100 years that strongly 
contests these claims and raises possible harmful 
side effects such as respiratory disorders101; in the 
United States, the EPA has even classified ozone as a 
toxic gas with many toxicological properties102. Other 
theories were more encompassing and “extended the 
search beyond the composition of air to the full range 
of conditions that made the outdoors healthful.”103 
Leonard Hill’s research, for example, “suggested that 
the action of natural elements on human skin was the 
most important aspect of both indoor and outdoor 
conditions.”104 In 1910 a British company, Pulsometer 
Engineering, created a product using the ‘Normair’ 
process that used a patented alternator to vary fan 
speeds “from zero to maximum output two or three 
Fig. 2.23
‘The Balcony Room’. Adolph Menzel, 1845. 
This painting does not actually offer a view of the outside, but 
instead reveals the poetic play of phenomena as “the sunlight and 
the air from the outside enters a quite room, quite tangibly, in the 
luminous folds of the curtain.” (Eitner 1955)
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times per minute, thereby delivering the air in gusts, 
thus avoiding monotony and more nearly imitating 
Nature’s bracing breezes.”105 Interestingly this concept 
has recently been revisited, something I will discuss 
later in this chapter in the section ‘Natural Wind’.
2.7 battle for control over the 
interior climate.
Against this backdrop, the primary concern of most 
air-conditioning engineers at this time continued to 
be driven by the needs of factory processing and not 
human health – to this end a standardised, sealed 
and controllable interior atmosphere was the best 
they could deliver in both expertise and equipment. 
However for workers spending long hours in air 
conditioning, the quality and loss of personal control 
over the interior climate became a critical issue. The 
engineers found themselves under pressure from both 
the medical profession and health bureaucrats, as well 
as management and workers106. As Cooper contends, 
“The challenge to their professional authority from 
both groups led them to adopt a quantitative and 
experimental approach to solving the problems of 
environmental control.”107 
The engineers sought to answer the question 
of what constituted an ideal interior climate for 
habitation by quantifying the variables they could most 
readily control, namely temperature, humidity and 
air movement, with a focus on the notion of comfort 
and human productivity rather than health. There was 
certainly no consideration given to the experiential and 
phenomenological aesthetics of climate.
Rising concerns for the health of factory 
workers and children in schools and institutions 
saw governments in the USA attempting to address 
the issues, especially that of ventilation, through 
regulations that stipulated standards controlling the 
quality of interior climates. This sparked a regulatory 
battle that “was largely a contest between competing 
professionals, as public health authorities and 
engineers squared off to determine the ideal indoor 
environment.” 108 Whilst health officials could present 
a large body of anecdotal and diagnostic evidence of 
what constituted healthy air, the use of laboratory 
experiments by the engineers analysing human subjects 
must have appeared more scientific and convincing. 
Cooper argues that this “scientification of ventilation 
bolstered engineer’s status and authority within 
the regulatory debate”109, and the “quantification of 
comfort that emerged from the ventilation debate was 
enduringly important for the emerging air-conditioning 
industry.”110
The engineers introduced the notion of a ‘comfort 
zone’, defined by a tight set of co-ordinates relating to 
temperature, humidity and air movement, as a zone 
where people were at their most comfortable and 
their most productive. Modern air-conditioning, the 
engineers claimed, could produce this comfort zone 
with its dual benefits, in any weather or geographical 
location, but only if the interior was sealed off from the 
external environment. As Cooper states, against 
such perfection no natural climate could compete…
The shift in standards by which to judge climate, 
both man-made and natural, was crucial to the 
engineers’ success in convincing government 
regulators to endorse the superiority of mechanical 
systems over window ventilation…The work of the 
laboratories allowed air conditioning manufacturers 
to replace the model of the natural climate of the 
seaside town or mountain resort with an ideal 
climate expressed in quantitative terms.111
Thus the engineers had changed the terms of the 
debate from health, vitality and stimulation to comfort 
and efficiency, as well as the measures by which these 
were determined. 
To quantify or even qualify what makes seaside or 
mountain climates conducive to human health and 
wellbeing is extremely difficult, despite anecdotal 
evidence from as far back as Ancient Rome, where 
citizens such as Pliny the Younger built their villas on 
the Tyrrhenian coast due to the favourable climatic 
qualities, and ample evidence cited by medical 
practitioners that sick people get well in certain 
climates. Scientifically proving such a therapeutic effect 
is difficult due to both the complexities of human 
physiology and the ever-fluctuating natural climate. 
By redefining the concept of ideal climate, it could be 
shown that all natural climates, which are in a state of 
constant flux, were left wanting and could never deliver 
‘perfect comfort’. With this change in definition, all 
buildings and geographical locations became potential 
markets for the man-made weather delivered by air-
conditioning systems, no matter how idyllic the natural 
climate was:
The vision of man-made weather was both the 
rhetoric and the ideology of the air-conditioning 
engineer. It mediated the conflict between the 
engineering expert and the larger community – 
whether buyers, users, competing professionals, or 
regulatory agencies – by establishing a consensus 
through rhetorical persuasion. 112
 
Although the open-air environment continued to be 
seen by most health officials and physiologists, such 
as Sir Leonard Hill, as having many beneficial qualities 
desirable for indoor environments, with indoor 
environments increasingly under the control of the 
air-conditioning engineers and their professional bodies 
such as the American Society of Heating and Ventilating 
Engineers (ASH&VE) along with the growing trend by 
regulatory bodies to stipulate the conditions of the 
quantifiable ‘comfort zone’, the power balance shifted 
in favour of the engineers and an artificial climate.
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1.8 manufactured air in the age of 
standardisation
It is also possible to draw a clear connection 
between standardisation and modernisation, ideas 
virtually synonymous for much on the late 19th and 
20th century. Only since the late 20th century – with 
the advent of computer-aided manufacturing, fuzzy 
logic and ambient intelligence – has the concept of 
mass-customisation emerged as a contemporary 
development and associated with the ‘next frontier’ 
or ‘the way of the future’113. Standardisation of design, 
process and componentry in mass manufacturing 
and the assembly line powered this period of 
industrialisation. The one-off or unique was connected 
to the craft tradition whilst the standardised product 
belonged to the age of sophisticated manufacturing. 
There was a clear distinction between “making 
and manufacturing”, as the English inventor and 
philosopher Charles Babbage noted114. But the impact 
of standardisation stretched well beyond the assembly 
line to include everything from building and urban 
planningxviii, science and medicine, agriculture and 
farming, to work practices. In the early 20th century the 
American mechanical engineer F.W. Taylor developed 
the theory of scientific management, which sought 
to drastically improve worker efficiency through the 
standardisation and ‘scientific management’ of work 
practices, controlling everything from factory layout, 
the placement of machinery and componentry, to 
the discreet movements each worker made. This 
philosophy of human efficiency was even applied 
to the domestic kitchen as characterised by the 
continuous kitchen – clean unbroken surfaces – and 
triangulation of the layout of stove, sink and cupboards 
so that everything was within easy reach, eliminating 
xviii For example Plan Le Corbusier’s Voisin for Paris, 1925.
unnecessary and wasteful movements: “Like a modern 
factory, the continuous kitchen aims to enable an 
unbroken series of chores to pass through its sequence 
of specialized workstations”115, and thus “the Taylorised 
housewife acts as both factory manager and factory 
worker, professional mastermind and disciplined 
labourer.”116
In this light the adaption of a standardised interior 
climate would have been seen as discernably modern. 
Here we may consider the difference between making 
and manufacturing an interior atmosphere, where 
making - by opening a window or shutter or turning 
on a fan – suggests a bespoke approach belonging 
to the period of the craftsman, whilst manufacturing 
an interior climate suggests the mass-produced and 
standardised.  The interior climate – the air – was no 
longer connected to the natural elements but was 
now a man-made manufactured commodity; this was 
altogether a more modern idea.
Like the standardisation of other environments, 
from factory to kitchen, the standardisation of interior 
atmosphere was also done in the belief that it would 
produce an increase in occupant productivity. Le 
Corbusier already referred to this in his 1929 Lecture 
‘Precisions’:
The fundamental basis of Taylorism (a profoundly 
charitable work and not cruel) is to keep constant 
the factors concerning a task. The certitude given by 
experience is that men who suffer from heat or cold 
are less productive and that if they react against 
these, they tire and are quickly worn out.117 
But not only Le Corbusier – the notion that a 
standardised climate benefited productivity was 
fundamental to the thinking of the time.118 However, 
many studies since as early as 1968119 have shown 
that the connection between air temperature and 
the productivity of a building’s occupants is very 
difficult to quantify and, at least in part, a problematic 
assumption. Importantly these studies point to the fact 
that, perhaps counter-intuitively, “optimal performance 
(productivity) does not necessarily occur under optimal 
thermal comfort conditions”.120
2.9 a series of factors come into play
However, if the replacement of natural variances 
and elements with uniformly standardised 
manufactured entities was key to the ideology of the 
early 20th century, there were also concrete economic 
reasons for the large-scale adoption of air-conditioning.  
Whereas curtain wall construction and the elevator 
allowed for much taller buildings, the air-conditioning 
system was critical to enabling significantly deeper 
buildings with more flexible floor-plates. A quote from 
the May 1932 issue of American Architect states that 
“the utilization of air conditioning will enable the 
Fig. 2.24
A 1932 advertisement for coffee depicts a Taylorist style time and 
motion study of a housewife making coffee.
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prescient architect to go about his designing unfretted 
by the erstwhile necessity of ventilation shafts, light 
wells, outside exposure, and such considerations.”121
There were also considerable stylistic design-
led forces that drove the adoption of the fully air-
conditioned and hermetically sealed interior. In 
1919 the German architect Ludwig Mies van der 
Rohe submitted a competition entry that proposed a 
skyscraper whose walls were made entirely of glass, 
only the floors and ceilings remained opaque. Although 
never built, this model became the prototype for 
virtually every office tower over the next century. 
Critically, such a glass-walled interior space, due to 
the resultant greenhouse effect, is heavily dependant 
on refrigerated air supplied by a vast air-conditioning 
system. For example, it was estimated at the time of its 
completion in 1952, that the extensive use of glass for 
the floor to ceiling windows of the UN Headquarters 
building in NY would “increase its air-conditioning 
requirements by 50 percent”.122 Thus a deep 
contradiction evolved with the advent of the modernist 
glass skyscraper: It borrowed its iconography from the 
transparency and openness of the modernist house 
that sought to bring nature in; but by the inherent 
thermal inefficiency of its design it ended up needing to 
lock nature out.
The deep block design of many of the new office 
buildings dating from the early 20th century until 
now meant that, in the words of the cultural theorist 
David Serlin, “the vast majority of employees—whose 
inner worlds were cooled by computer-controlled 
thermostats and warmed by fluorescent lights – never 
experienced a single moment of the natural world”123. 
This need to pump conditioned air deep into the 
buildings interior along with the “phenomenally high 
heat gain” from the extensive use of glass on the 
outside curtain walls, together with the use of sealed 
windows were, according to Gail Cooper, the three 
“major reasons why air conditioning rapidly became a 
necessary part of the post war office building.”124
Thus in a typical chicken-and-egg scenario the 
advent of air-conditioning coincided with a significant 
change in building design and construction techniques, 
which resulted in one being heavily dependant on 
the other whilst also driving the other.  The interior 
climate of most well built older-style buildings 
Fig. 2.25.1
Le Corbusier. Plan Voisin, Paris, 
France, 1925.
Fig. 2.25.2
Le Corbusier. Plan Voisin, Paris, 
France, 1925.
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Fig. 2.26.1
Ludwig Mies van der Rohe, Competition entry for an office building in Friedrichstrasse, Berlin, 1919. Although never built, this design 
became the prototype for virtually every office tower over the next century.
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furnished with some form of heating were generally 
perfectly liveable, except perhaps in the most extreme 
hot weather conditions, and air-conditioning would 
have been considered as an occasionally-used luxury, 
but in contrast, most modern buildings, particularly 
commercial buildings dating from this period onwards, 
required air-conditioning to make their designs 
habitable 125, even in mild conditions. 
2.10 hvac standards written into law
This new reality resulted in an advisory panel on the 
construction of government office buildings reporting 
in the late 1950s that air conditioning “is rapidly 
becoming an accepted necessity”126. This governmental 
decree and “institutional approval was a driving 
force in the spread of air conditioning” 127. After this, 
“virtually all new government buildings would be air-
conditioned” 128. National and international standards 
governing the interior climate within new buildings 
drafted by organisations such as ASHRAExix and ISOxx 
that essentially prescribed centralised air-conditioning 
into law for public and commercial buildings further 
bolstered this trend. It is worthwhile noting that the 
governmental regulations specified the use of air-
conditioning rather then recommending a change 
in building design; to this end, the block design and 
glass tower with its sealed windows was considered 
a given and this combination of block design and air 
conditioning “quickly became the norm.” 129
2.11 p.o. fanger’s laboratory tests 
and the mpv
In the late 1960s and early 70s the laboratory 
experiments defining the ‘comfort zone’ based on 
quantitative measurements were taken to a much 
higher level of sophistication. The most important 
series of experiments were done by the Danish 
Engineer P.O. Fanger and his team in the laboratories 
of Heating and Air Conditioning at the Technical 
University of Denmark, as well as at Kansas State 
University. Fanger set out to establish the “optimal 
thermal climates for human beings.”130 He did this 
primarily by expanding and defining the key parameters 
that determine thermal comfort and used these to 
formulate his famous ‘Predicted Mean Vote’ (PMV) 
equation. Fanger’s MPV equation is a mathematical 
model based on laboratory studies that uses a series of 
six parameters that allows HVAC engineers to optimise 
the “thermal satisfaction for at least 80% of occupants 
in a space.”131 The model that Fanger and his colleagues 
developed become one of the most important tools 
xix (ASHAE) American Society of Heating and Air-Conditioning 
Engineers, formed in 1894, before 1954 the society was know as 
(ASHVE) American Society of Heating and Ventilating Engineers.
xx (ISO) International Organization for Standardization, founded 
in 1947, previously known as (ISA) International Federation of the 
National Standardizing Associations, founded in 1926.
Fig. 2.26.2
Ludwig Mies van der Rohe - 
Maquette for a Glass Skyscraper. 
1922
Fig. 2.27
United Nations Headquarters, 
New York City, NY. Completed 
in 1952 and designed by 
a multinational team, the 
excessive use of glass drastically 
increased the need for air 
conditioning to make the 
building habitable.
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used to assess interior climate in buildings and has 
been written into international standards governing the 
interior climate of buildings, such as ASHRAE Standard 
55 (ASHRAE, 1992) and ISO Standard 7730 (ISO, 
1994)132.
For Fanger, creating thermal comfort was a critical 
objective, so much so that he used this as the title 
for his key publication, in which he stated: “Creating 
thermal comfort is the primary purpose of the 
heating and air conditioning industry, and this has a 
radical influence on the construction of buildings”133. 
Fanger defined thermal comfort as “that condition of 
mind which expresses satisfaction with the thermal 
environment”.134 He also described the related quality 
of ‘thermal neutrality’ that he “defined as the condition 
in which the subject would prefer neither warmer nor 
cooler surroundings”.135 He then went on to observe 
that in “most cases, however, thermal neutrality will 
be the same as thermal comfort.”136 In this context we 
may consider the objective of creating the condition of 
thermal comfort or neutrality to be that of creating an 
interior atmosphere that is no longer perceived by the 
occupant. Fanger linked the state of thermal comfort to 
that of human performance, conjecturing that: “Man’s 
intellectual, manual and perceptual performance is 
in general highest when he is in thermal comfort.”137 
But he did not link thermal comfort directly to health, 
conceding that the connection between health and 
comfort is “unresolved”138. Fanger also differentiated 
between thermal comfort and heat balance, affirming 
“heat balance exists even in conditions where thermal 
comfort does not exist.”139 Thereby Fanger effectively 
separates the body’s system of thermoregulation 
and health from the concept of thermal comfort. The 
objective of creating a condition of thermal comfort 
within the tightly defined and standardised comfort 
zone, we may conclude, is primarily to optimise human 
performance.
2.12 a proposition towards a 
reconceptualising of the interior 
atmosphere
The construct of human productivity – treating 
human physiology like a machine – and its underlying 
belief that there would be optimum standardised 
operating conditions that can be prescribed and 
created, needs to be questioned. Optimisation in this 
context can be perhaps more of a philosophical mindset 
then an empirical reality.xxiHaving covered some of the 
key driving forces behind the establishment of air-
conditioning as a critical method for treating interior 
climates, I will now reflect on and analyse some of 
the underlining principles that contributed to this 
development.
xxi This idea is further explored later in this chapter in reference 
to the ‘Adaptive Model of Thermal Comfort’.
The principal drive behind the early development 
of air-conditioning was to solve the climatic issues 
concerning the processes manufacturing of products 
and goods that involved atmospherically sensitive 
materials and processes. The engineers who tackled 
this task did so by first determining the type of 
atmosphere best suited to the manufacturing process 
in question and then sealing off the factories from the 
external environment, to enable them to introduce a 
tightly controlled and controllable atmosphere, or man-
made climate. The comfort of workers was, at least 
initially, not a primary concern, and later this mindset of 
precise control and quantifiable atmospheric conditions 
was applied to environments for living even though 
they presented quite different user requirements.  
Firstly, unlike hygroscopic materials and many 
manufacturing processes and machinery, humans have 
a remarkable capacity to adapt to different weather 
conditions; they are not a climatically sensitive machine 
and, within a given range, do not break or malfunction 
as a result of fluctuating conditions. Secondly, unlike 
mass produced goods, each human is unique, and thus 
there is no ideal climate for all, only an approximation. 
For this reason, Fanger’s MPV equation seeks to satisfy 
80% of occupants and not 100%. Thirdly, the concept 
of a quantifiable ideal is dependant on not only the 
person, but also their activity, disposition and so on; 
and fourthly, it is now well understood that people’s 
perception of an interior climate is relational to a series 
of factors such as geography, culture, season and the 
prevalent exterior climatic conditionsxxii, so that an 
objective ‘ideal climate’ is a questionable concept in 
principle.xxiii  Finally the whole notion of uniformity 
has been brought into question. Even in the early 20th 
century when air-conditioning was in its infancy, many 
voices and medical experts suggested a preference for 
naturally fluctuating atmospheric conditions; natural 
weather is highly dynamic and this, it was argued, is 
what makes it ‘healthful’140.
But why and how this paradigm developed is rather 
straightforward and understandable – a simple logic 
was at work governed by a set of events and pragmatic 
forces. The engineers needed to develop a model which 
they could control and verify; by quantifying comfort 
and other factors the engineers had something to work 
towards which was within the grasp of their abilities 
and technology; and it was also something which they 
could measure and thereby verify.  The standardised 
climate was also a product that could be easily sold. 
By sealing the interior and introducing a man-made 
xxii For example see, de Dear, R. Brager, G. and Cooper, 
D. ‘Developing an adaptive model of thermal comfort and 
preference, Final Report’ ASHRAE RP-884. Atlanta: American 
Society of Heating, Refrigerating and Air-Conditioning Engineers, 
1997
xxiii One analogy may be that we do not strive to cook the ideal 
meal in terms of taste and nutrition, and then repeatedly eat this 
one particular meal for the rest of our lives; it would not only 
soon become exceedingly dull but also unhealthy, and lacking 
the range of nutrients we require.
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climate, which could be piped to any part of a building, 
the architects and building developers were freed from 
the need to access fresh air and light through windows 
and light-wells, allowing for much greater flexibility in 
building layout and the more ‘efficient’ use of valuable 
real-estate. It also greatly simplified the design and 
building process, as architects no longer needed to 
consider geography, building orientation, weather 
patterns or any other such factors. It also enabled 
significant cost reductions in construction as buildings 
could be built from lightweight materials without 
adequate insulation, thermal mass, shading and so 
forth, which, as a result, would make them virtually 
un-inhabitable without air conditioning. Finally the 
prospect of a ‘perfect’ interior climate certainly had its 
appeal especially during hot summers; it also allowed 
office workers and managers to wear, in comfort 
and year-round, the same established code of dress, 
typically suits with jackets, buttoned collars and ties 
or ‘respectable’ dresses, as inside the air-conditioned 
office building there exist no seasons.
The process of controlling interior climate requires 
huge amounts of energy, particularly during warm or 
hot weather. Already in the 1960s and 70s, the impact 
of air-conditioning on energy consumption was being 
debated.  By the mid 60s the widespread adoption of 
air conditioning caused major problems with energy 
supply in the USA during peak periods. From the 
late 60s an escalating energy crisis due to the USA 
experiencing peak oil and then conflict in the Middle 
East caused further problems with both supply and 
the cost of servicing these centralised air conditioning 
systems. In July 1979 the Iranian revolution prompted 
President Jimmy Carter to declare “an energy 
emergency and [order] all air conditioners in public and 
commercial buildings set no cooler then 78 degrees 
[26°C].” 141 President Carter’s decree was abandoned as 
soon as the energy crisis stabilised.
2.13 the adaptive model of thermal 
comfort
Although the wide-scale adoption of air-
conditioning, particularly in office, government and 
commercial buildings, seemed to continue unabated, 
by the 1990s the prospect of peak oil, growing 
environmental concerns and climate change driven 
by greenhouses gases associated with the energy 
consumption required to maintain interior climates 
in air-conditioned buildings, led to two divergent 
approaches to building design. Mainstream thinking 
approached the problem by sealing off the interior 
climate ever more rigidly from the exterior, introducing 
less fresh outdoor air and increasing the recirculation 
of internal air (Brager and de Dear 2001, Awri 2003).  
However, some designers began a renewed exploration 
with hybrid and naturally-ventilated building designs 
that used refrigerated air much more sparingly, or 
eliminated the need for refrigerated air altogether. The 
dilemma with this second approach was that these 
buildings did not conform to the very tight interior 
climate standards stipulated by bodies such as ASHRAE 
and ISO. By the last decade of the 20th century these 
thermal comfort standards prescribed such a narrow 
climate ‘zone’ that even a gentle breeze entering 
through an open window would be a violation, as it 
would invariably exceed the recommended 0.2m/s 
airspeed. As de Dear and Brager pointed out “the strict 
interpretation and compliance with ASHRAE 55 – 92 
standard (1992, 1995) leaves designers with no feasible 
alternative to the cool, still air approach to indoor 
climate engineering.”142 
A number of thermal comfort researchers began 
to question the orthodoxy of the interior comfort 
standards. The critique of the so-called ‘static model’ 
(cold, still air) of interior comfort was threefold. 
Firstly, the static model regarded occupants as 
passive recipients of thermal stimuli143, and secondly, 
human adaptation was thereby discounted with 
the very nature of the building, as de Dear et al. 
explain, “denying all processes of thermal adaption, 
and ultimately leading to an exaggerated ‘need’ for 
refrigerated cool, still, air (Kempton and Lutzenhiser 
1992; Prins 1992; Brager and de Dear 1998).”144 
The third point centres on the decoupling of the 
interior and exterior atmospheric conditions, and 
ultimately formed the major plank for a rethinking of 
interior climate standards145. Its assumption that the 
conditions governing human comfort were a given 
constant and universally applicably across space 
and time, irrespective of any building type, seasonal 
variations, geographic location, cultural or physiological 
differences, not only defied common sense, but did not 
correspond with observations and field studies.
The critique of the air-condition interior has a 
much longer history. For example in 1960 architects 
Fitch and Branch wrote that “not only is the modern 
architect quite removed from any direct experience 
with climatic and geographic cause-and-effect, he is 
quite persuaded that ‘they don’t matter any more’,”146 
going on to describe the practice of applying a universal 
building design and system of climate control as 
inefficient, clumsy and a “social waste of energy and 
materials”147. In 1987 architectural historian Paul Oliver 
noted that “comfort values differ widely. Some arctic 
or desert people survive, apparently contentedly, in 
conditions which would be exceedingly uncomfortable 
to a southern European.”148 But what others observed 
or suspected was now quantified and verified. By 
conducting an extensive analysis of a “large database 
of research results in building comfort studies from 
all over the world (n=22,346)”149, Richard de Dear and 
Gail Brager revealed a significant discrepancy in the 
findings between these field studies and laboratory 
results. Primarily these findings showed that there was 
a direct link between occupants’ comfort expectations 
of an interior atmosphere and the prevailing exterior 
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climatic conditions. They also revealed corresponding 
geographic and cultural differences in what is 
considered a comfortable interior climate, primarily 
in terms of temperature. Their analysis also showed 
that occupants of naturally ventilated buildings were 
comfortable with a much wider range of indoor 
temperature variation then those of air-conditioned 
buildings. Thus, De Deer and Brager concluded, “as 
is often the case in indoor air research, we have an 
apparent contradiction between large field-based 
observational databases and laboratory research”150
A further argument for a new approach to thermal 
comfort was the direct link that had been established 
between air-conditioned steady-state interior air and 
sick-building syndrome (SBS)151. De Deer and Brager list 
numerous studies that point towards this link, including 
Mendell’s 2003 review of extensive field studies that 
“found consistently higher symptom prevalence 
in conventionally air-conditioned than in naturally 
ventilated buildings.”152
The aim of those advocating for an adaptive 
model was the development of “alternative design 
guidelines to supplement the current ASHRAE Standard 
55 (1995)”153. The core of the alternative ‘adaptive’ 
model was adopted in 2004 as an update to ASHRAE 
55 and in 2007 to the European standard EN 15251, as 
a guideline for naturally ventilated buildings in various 
climate zones by linking outdoor mean monthly-
temperatures with a corresponding recommended 
range of indoor temperatures. The model is 
encapsulated in a graph that “indicates the optimum 
and acceptable indoor temperature ranges for different 
climate zones of the world (as defined by the mean 
monthly outdoor air temperature).”154
How much expectations of interior climate are 
subject to the geo-climatic, cultural and physiological 
context is highlighted in a particularly revealing 
study conducted in Hyderabad India in 2008, which 
ascertained a ‘comfort’ envelope well outside 
the parameters laid down by established comfort 
theory and laboratory studies. Unlike most thermal 
comfort studies, which typically focus on offices, 
Madhavi Indraganti investigated the thermal comfort 
in residential apartments. Most telling was the 
temperature range at which people reported that they 
felt comfortable. Sampling the residents of five different 
apartment blocks which represented the cities “normal 
apartment building stock,” Indraganti concluded that 
80% of occupants felt comfortable at between 26 and 
32ºC, which “is much higher than the comfort range 
of 23 – 26ºC specified in the Indian Codes.”155 An even 
greater difference was found for the so-called ‘neutral 
zone’ or neutral temperature. This was determined 
to be a relatively high 29.2ºC, compared with the 
previously set comfort parameter, a temperature in the 
very low 20s, “assumed to be universally applicable 
across all building types, all climate zones, and all 
populations (Parsons 1994; Fanger 1970).”156
Indraganti’s paper discussed the various methods 
of adaption that occupants undertook as well as 
attitudinal differences between differing socio-
economic groups. Occupants showed a preference for 
operable windows and access to semi open outdoor 
spaces. When temperature and humidity levels were 
unusually high or where occupants had less access 
to such means of natural ventilation they typically 
reverted to mechanical ventilation such as ceiling 
fans. Indraganti’s study also found that recurring 
exposure to lower levels of temperature and humidity 
from the regular use of air-conditioning would result 
in “narrowing the comfort temperature range in 
subjects,”157 and thus “subjects with a thermal history 
of high air-conditioning usage displayed low tolerance 
limits. Their desire for ‘thermal indulgence’ often 
placed an overwhelming demand for mechanical 
cooling, beyond summer.”158 However, the study 
found that the adaptive use of air-conditioning 
remained restricted to relatively warm conditions 
and that subjects only reverted to the use of air-
conditioning when temperatures rose above “an 
indoor globe temperature of 30.3ºC and an outdoor 
mean temperature of 31.3ºC.”159 Socio-cultural-
economic forces or preferences could override many 
common adaptive methods, “clothing, metabolic, 
behavioural and environmental adaptation etc.,”160 
especially social demands for clothing with higher 
insulation levels. Indraganti refers to thermal adaption 
as a “feedback loop between the use of controls 
and temperature”161 [and that] acclimatised subjects 
expressed neutrality even at higher temperatures when 
adaptation (behavioural and psychological) is complete; 
for example in June and July when the use of air-
conditioning ceased.”162 
Indraganti’s study is an excellent example of the 
critical relationship between geographic, cultural, 
social and attitudinal differences resulting in differing 
preferences for indoor climates, especially thermal 
preference, and that subjects “play an active role in 
Fig. 2.28
This graph is used to illustrate the core concept of the ‘Adaptive 
Model of Thermal Comfort’. 2001.
Chapter 2
55.
creating their own thermal preferences,”163 which is the 
cornerstone of the adaptive model.  Further studies 
from warm regions reinforce this link; see, for example, 
the 2011 Brazilian study by Christhina Cândido et al164.
The editorial comment in a 2011 issue of the key 
industry journal Building Research & Information (BRI) 
devoted to the topic of ‘Adaptive Comfort’ declared, 
“there is little doubt that adaptive comfort is now part 
of the mainstream.”165 However this does not mean 
that the naturally and hybrid ventilated building design 
is now mainstream; as a building type, especially for 
office and commercial buildings, it remains largely the 
exception. But what it does mean is that ‘the adaptive 
model’ is now internationally an accepted standard. 
How the majority of HVAC practitioners continue 
to approach the pertinent issues pertaining to indoor 
climate is succinctly captured in the editorial of another 
highly respected industry journal, Indoor Air (2008). 
Titled ‘Climate change, building energy use, and 
indoor environmental quality’, editor William Nazaroff 
stresses the considerable challenges in reducing energy 
consumption and decarbonizing the economy that will 
require “aggressive and sustained action across many 
fronts.”166 However, his suggested solution centers 
on improving the thermal performance of buildings 
by sealing them off ever more tightly and using more 
efficient air-conditioning systems; in his words, “by 
doing more of what we already know how to do, and by 
doing this better.”167
The reality is that for many, after several generations 
of air conditioning the expectation and desire for the 
‘cold still air’ – the comfort zone paradigm – can now 
be considered a tradition; and as Philosopher Robyn 
Barnaby writes “the danger – common to all traditions 
– is that the more the tradition is adopted the harder it 
can be to think beyond that tradition – or even notice 
that one is thinking within a particular tradition at 
all.”168 
A pertinent example is the 2001 paper Ole P. Fanger 
wrote on sick-building syndrome, which acknowledged 
the shortcomings of air-conditioned interiors and noted 
that, “its image is globally mixed”169. But rather than 
review his theory of a steady-state climate within a 
hermetically sealed building, he recommended the 
further lowering of temperature and humidity levels to 
“20ºC and 40% RH”170; the only concession he makes is 
to recommend that “small amounts of clean air should 
be served where it is consumed, i.e. as ‘personalized 
air’ close to the breathing zone of each person [and this 
again should be] 20 or 21ºC”171. The effect this would 
have is not only to further tighten the atmospheric 
envelope, but also to now restrict movement by 
expecting people to sit in front of their designated fresh 
air vent.
There has also been some questioning of the 
‘adaptive model’ by thermal comfort scientists but 
this seems to largely centre on either concerns with 
any level of deviation away from established thinking 
within thermal comfort theory, or a perceived lack of 
‘hard’ data underpinning the model. A critical review by 
Halawa and van Hoof (2012) also raises concern about 
the almost singular reliance of the ‘adaptive model’ 
on the relationship between indoor and outdoor 
temperature: “The adaptive approach relates comfort 
indoor temperature to a single variable, namely the 
outdoor air temperature”172. They go on to make the 
argument that “the adaptive comfort approach has 
gone the same track as ASHRAE, by oversimplifying the 
comfort charts into a two-dimensional representation 
and by not actively considering the other comfort 
parameters.”173 
Although any approach that reduces a physiological 
state to one parameter is too reductive, I do not agree 
that this characterises the adaptive model and I believe 
the papers I discussed above on the topic confirm 
this. Halawa and van Hoof return us to the connection 
between thermal comfort and productivity, implying 
that the main goal of an acceptable indoor climate is 
to increase productivity: “thermal comfort cannot be 
so compromised so as to impact negatively on people’s 
productivity.”174 They also raise concern with how an 
adaptive climate, or more critically the expectation 
that occupants use adaptive strategies to adapt to the 
prevailing climate, might be perceived by people. Using 
a quote from Jensen (2008) to make their point they 
Fig. 2.29
P.O. Fanger, 2001. In response to SBS, instead of rethinking 
the concept of the hermetically sealed building, Fanger 
recommended personalised fresh air – cooled to 20ºC  to be 
directed directly to the occupants
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write, “people generally tend to distance themselves 
from behaviors that might be considered ‘too different 
and troublesome, and too much associated with a 
‘greeny segment’ or associated lifestyle’.”175 Such 
critique is to be expected and although Halawa and 
van Hoof do not appear to be making an argument 
for abandoning the adaptive model, but instead for 
modifying or further developing it, the crux of much 
of the criticism surrounding the adaptive model stems 
from the thinking associated with established comfort 
theory, which in recent years has been brought into 
question. The data collected from a vast range of field 
studies clearly shows that people do, and one could add 
always have, made behavioural and other adjustments 
to adapt to differing climatic circumstances. 
More interesting and of much greater relevance 
to my research is the openness Halawa and van Hoof 
show towards a concept that Richard de Dear proposed 
in a 2011 paper, the idea of ‘alliesthesia’. In their 
conclusion Halawa and van Hoof point to the possibility 
of alliesthesia representing an entirely new approach to 
thinking about thermal comfort and state that
the paradigm shift it may have could have 
far reaching implications for the design and 
performance assessment. This proposed new 
direction on thermal comfort research amounts 
to an implicit admission that there may be other 
important factors of importance in relation to the 
adaptive approach.176
For the purposes of my research, the strategy of 
considering ‘alliesthesia’ fits most closely with the idea 
of an ‘aesthetics of air’, which I have been exploring 
since 2006. 
2.14 alliesthesia.
The concept of alliesthesia was first proposed 
by the French physiologist Michel Cabanac his 1971 
paper ‘The Physiological Role of Pleasure’177, in which 
he investigated the physiology of perception. Cabanac 
coined the term in association with Stylianos Nicolaïdis, 
as an amalgamation of the words “esthesia [sic] 
(meaning sensation) and allios (meaning changed).”178 
Alliesthesia “depends on internal signals” such that a 
“given stimulus can induce a pleasant or unpleasant 
sensation depending on the subject’s internal state.”179
Cabanac begins by exploring the role of pleasure 
and displeasure in relation to thermal stimuli on the 
skin. He concludes that “pleasure occurs whenever a 
sensation indicates the presence of a stimulus which 
helps to correct an internal trouble,”180 such as being 
warmed when cold or cooled when warm; thus, he 
argues, PLEASANT = USEFUL.
De Dear adapts this concept to envision a 
new approach to interior climate, in which the 
“phenomenon of alliesthesia is used to differentiate 
thermal pleasure from thermal neutrality and 
acceptability.”181 By doing this he moves the practice 
of thermal comfort theory beyond the ‘useful’ and 
towards the engaging – from thermal neutrality to 
thermal pleasure. Pleasure in this context is the result 
of a dynamic condition composed of changing external 
stimuli. This completes the shift of comfort theory 
away from the universally-applicable and standardised 
steady-state interior climate to a geographically and 
culturally-variable, adaptive and dynamic one. The 
concept of an interior climate that offers pleasure has 
a long and rich history – from Pliny the Younger’s villa 
Laurentine to Lisa Heschong’s (1979) notion of thermal 
delight – but in terms of contemporary thermal comfort 
theory the notion of pleasure has until this point been 
entirely absent, the only exception being the work done 
into ‘natural wind’ (Hara, Kang, Zhao, and Zhou), which 
I will discuss in the following section.
As de Dear reminds us, the accepted industry tool 
with which interior climates are judged, the ‘predicted 
mean vote’ (PMV), is
restricted to the descriptive dimension, devoid of 
any reference to pleasantness or unpleasantness. By 
registering a PMV score of zero, a given combination 
of thermal environmental parameters is expected 
to evoke a neutral whole-body thermal sensation – 
neither warm nor cool. But this says nothing about 
whether the occupants are actually going to like 
it.182
Whereas the goal of established thermal comfort 
theory is to produce an interior climate that yields 
no perception from the occupants, the aim of the 
alliesthesia model is to create a thermal environment 
that is perceived as pleasurable – thermal alliesthesia. 
This requires treating pleasure itself as a comfort 
parameter. To achieve this, de Dear points towards a 
2006 study by Arens et al. that determined that “‘very 
comfortable’ votes happened only in asymmetrical 
environments”.183 Thus thermal pleasure requires 
change –allios – that derives from anisothermal 
environments, which is, as de Dear declares, a “radical 
departure…from the orthodoxy of the late 20th 
century.”184 
The advantages of having a system in which 
variability (temperature, air movement and so on) 
is at the core of its logic are manifold: not only does 
it offer the potential for generating much more 
pleasurable interior climates – minimizing the risk of 
“thermal boredom” (as de Dear puts it)185 – but it does 
so without the need for “applying vast amounts of 
equipment and energy to the task of eradicating indoor 
climatic variability”186. It is thus much more economic 
to run, and thereby reduces the environmental impact 
of the required machinery. However, an
implication of this paradigm shift in our notion of 
what is comfortable and how best to deliver it is 
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that actually very little is known about why certain 
indoor thermal environmental combinations 
are perceived comfortable. [And] the adaptive 
models do not really provide much of an insight 
into why certain conditions will be comfortable or 
acceptable, other than a broad generalization that 
they conform to occupants’ expectations (Fountain 
et al., 1996; de Dear and Brager, 1998). …Taking the 
science of thermal comfort beyond useful but quite 
simplistic statistical models will demand a more 
thorough understanding of the inner workings of 
human thermal perception.187
2.15 natural wind
Over the last fifteen years or so a small group of 
thermal comfort researchers have been investigating 
a related theory: looking into what may constitute 
desirable qualities in air-flow fluctuation and transient 
thermal environments, principally by studying air 
current and temperature fluctuations in a ‘pleasurable’ 
outdoor environment. This line of inquiry can claim a 
lineage from research done in the very early twentieth 
century into the so-called ‘whole air effect’, and 
inventions such as the Normain Pulsometer fan, both 
of which I discussed earlier in this chapter. Although 
these studies predate de Dear’s notion of ‘alliesthesia’ 
they are, at least in part, related and certainly relevant. 
These studies, largely undertaken in Japan, Korea and 
Chinaxxiv, verify that being in an emergent atmosphere, 
similar to ‘natural air’, allows us to feel comfortable in 
a relatively wide range of temperature and humidity 
conditions.
It is unclear why research into this question 
currently originates almost exclusively from the South 
East Asian region. The particular climate experienced 
in this region presumably provides an impetus, but 
cultural and philosophical attitudes, and sensibilities to 
climate and nature, must surely also play an important 
role. The science writer Philip Ball encapsulates such 
attitudes, in reference to turbulence and fluid motion, 
thus: “Unlike Plato’s notion of static, crystalline ideal 
forms, the Tao is alive with spontaneity.”188 Whilst in the 
western tradition nature is typically viewed as static, 
the Tao (or Dao 道) represents an active, dynamic 
concept of nature. To make his point Ball contrasts the 
Chinese artistic representation of turbulent water – in 
which artists would “attempt to portray the inner life of 
flow”189 – with the static surface-orientated depiction 
by western artists employing stylised realism with 
“glinting highlights and surging foam”190. Only Leonardo 
Da Vinci’s sketches documenting his observations of 
phenomena are cited as an exception to this attitude, 
which otherwise “leave no trace in western art.”191 
The concept of chi (or qi 氣) is equally important. 
xxiv For example see the research of, Toshitsugu Hara, M. 
Shimizu (Japan) Ki Nam Kang (Korea) and Rongyi Zhao, X. Zhou 
(China)
Chi concerns the life energy, force or flow of energy 
and literally translates as ‘breath’, ‘air’ or ‘gas’. The 
traditional East Asian conception can thereby be 
characterised as a phenomenology of dynamic forces, 
as opposed to the atomised stasis presumed in the 
modern West; while these are vast generalisations, they 
reflect core assumptions.
In the following section I will discuss some relevant 
East Asian research papers. All of these studies derive 
from the premise that under the right conditions 
the experiential qualities of a natural climate and air 
movement are preferable to those experienced in a 
standardised steady state air-conditioned interior, both 
for reasons of comfort and health. The air movement 
one might experience in an outdoor environment is 
referred to as ‘natural wind’. Although I find this a 
somewhat clumsy descriptor – as the term ‘wind’ does 
not adequately encompass the full breadth of dynamic 
experiential qualities of ‘natural’ air movement – I 
presume that much meaning is lost in the translation 
of this term from Japanese, Korean and Chinesexxv. 
Nevertheless, I will adopt the term as it has become the 
accepted descriptor in this field of research. 
The researchers which I will discuss in this 
section set out “to complement the shortcomings of 
conventional air-conditioning systems by using the 
air flow fluctuation characteristics of natural wind to 
achieve comfortable and energy-saving air conditioning 
control.”192 In particular the ‘shortcomings’ referred 
to include ‘constant monotonous air flow’, ‘cold still 
air’, the ‘severe temperature difference between 
indoor and outdoor’, and the associated high levels 
of energy consumption and waste.193 Other issues 
raised included unhealthy interior air as the probable 
cause of sick building syndrome194, the physiological 
condition of ‘non adaptability’195 and the disruption 
of the metabolism196 after being in a neutral thermal 
environment for extended periods. Although this group 
of researchers is loosely aligned with the ‘adaptive 
thermal comfort’ model and frequently cites the work 
of de Dear and Brager et al., their work differs in that 
they have focused on modifying air-conditioned interior 
climates rather than developing naturally ventilated 
interior environments.
One of the earliest contemporary studies 
investigating the phenomenon of ‘natural wind’xxvi 
was undertaken by Toshitisugu Hara et al in the late 
1990s197. This much cited Japanese paper hypothesises 
that it is the fluctuation of outside air movement 
that makes it so amenable. At the time, a number of 
electric fans were already on the Japanese market 
from companies such as Sharp and Matsushita that 
xxv For example the term feng 風, which means "wind", also 
referred to traditional "songs" (that is, "airs"). Also, one theory on 
the origin of the term qi is that it is derived from "wind".
xxvi Earlier in this chapter a described some studies conducted 
in the first decades of the twentieth century investigating the 
‘healthy’ qualities of outside air.
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used a microprocessor to generate a ‘changeable wind’ 
seeking to emulate natural air movement. However, 
according to Hara et al the pattern of air movement 
these fans produced soon became predictable and 
did not accord with the same pleasurable qualities of 
natural air movement. An analysis of the patterns of 
airflow these fans generated showed that they followed 
a set of artificial fluctuations. Hara et al predicted 
that the fluctuations encountered in natural wind 
are chaotic and that it is this that gives ‘natural’ air 
movement its favourable qualities. 
To discover more about the characteristics of 
‘natural wind’ Hara and his colleagues set up an 
experiment to measure the qualities of outside air 
movement. They sited their experiment at a popular 
resort area in the mountainous countryside of 
Azumino, Nagano Prefecture Japan. Using a hotwire 
anemometer, digital voltmeter and a personal 
computer they measured wind velocity fluctuations 
over a 45-minute time period. They discovered that the 
fluctuations were indeed chaotic and did not accord 
to any periodic phenomena. They then analyzed the 
data using ‘Fast Fourier Transform’ analysis (FFT) to 
determine the power spectrum of the air movement. 
They discovered that the power of the wind fluctuation 
is inversely proportional to its frequency, as described 
by the formula 1/f. They then used a computer-
controlled cross-flow fan to generate a series of 
different fluctuating air-flow patterns, including one 
approximating a chaotic pattern. They exposed five 
subjects to these different airflow patterns to see if 
they expressed a preference for any one of them. Their 
study concluded that chaotic fluctuations in air velocity 
can improve interior thermal comfort, and that a 
rapidly “increasing wind velocity was more comfortable 
than slowly increasing one”198.
A Korean study undertaken about a decade later 
was motivated by an observed cultural shift away 
from traditional, naturally ventilated, interior spaces 
towards higher density apartment living and office 
spaces. Increasing expectations of comfort ‘resulting 
from global environmental changes’, has meant 
that “energy waste is encouraged without ensuring 
the thermal comfort of residents, due to uneven 
temperature distribution of residential spaces and the 
severe temperature differences between indoor and 
outdoor.”199 
This study, like the previous one, sought to lift 
perceived comfort levels while lowering energy 
usage, by increasing airflow based on the dynamics 
of ‘natural wind’. Research was undertaken based on 
field tests in which the perceived levels of comfort 
and related experiences of ten subjects – five male 
and five female – exposed to outside air movement, 
were documented and then correlated to real-time 
data taken on location. As with the Japanese study, 
the Korean researchers chose a mountain resort as 
the preferred site for their study. Situated near Mt. 
Seorak, “where relatively comfortable wind can be felt 
in summer”200, the lightly clothed subjects were seated 
outside in shade on the slope of the mountain.  The 
average ambient temperature was recorded as 26ºC 
and breezes averaged approximately 0.58 m/s, with 
mean velocities recorded around 0.2 m/s and 2.95 m/s 
being the highest recorded velocity. Five groups, each 
consisting of one male and one female subject, sat for 
one hour recording their comfort levels at 30-second 
intervals using the ASHRAE seven point scale for 
thermal sensation and the ASHRAE six-point scale for 
thermal perception (which measures thermal comfort 
perception). These measurements, documenting 
human experience, were mapped against real-time data 
taken from a weather station and from a 3D ultrasonic 
anemometer captured on location.
The researchers discovered that the “factor with 
the highest correlation with the thermal comfort 
perception of subjects was wind velocity, followed 
by globe temperature, outside temperature, and 
humidity […and…] the frequency of feeling comfortable 
according to the momentary wind velocity was similar 
between male and female. The highest frequency of 
feeling comfortable appeared at the wind velocity 
around 0.4m/s.”201
Although the Korean researchers described the 
average ambient temperature as ‘relatively high’, 
this must be put into perspective when considering 
Australian conditions, where 26ºC may generally be 
considered as mild. These researchers, as with other 
studies such as Hara et al (1997), also noted a direct 
correlation between temperature and wind velocity: 
the higher the temperature, the more comfortable 
higher wind velocities are perceived.
This research also confirmed the relationship 
between natural wind and the formula 1/f, which 
describes chaotic fluctuations. Importantly, when the 
data is graphed using an FFT analysis the slope of 1/f 
seems to play a critical role. Kang et al. discovered that,
Fig. 2.30
Image depicting the experimental setup for the annalisis of 
‘natural’ wind near  Mt. Seorak, Korea. Kang et al, 2007.
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Comfortable natural wind shows a shaper slope 
of 1/f from low frequency to high frequency. It 
has high power in the low frequency area, and 
the power weakens as it moves toward high 
frequency, showing ignorable white noises. On 
the other hand, for uncomfortable natural wind 
(b) and mechanical wind (c), the power changes 
slowly from low frequency to high frequency, with 
a small β-value. These results clearly show the 
fluctuation characteristics of comfortable natural 
wind, uncomfortable natural wind, and mechanical 
wind. [Thus] subjects felt more comfortable at 
moments of high wind velocity and at points of high 
fluctuation even in irregular natural wind.202
A Chinese study undertaken at the HVAC laboratory 
of Tsinghua University in Beijing203 involved a series 
of laboratory experiments in which human responses 
to mechanically generated transient thermal 
environments – included fluctuating air temperatures 
and/or air movement – were measured and then 
analysed. What is interesting about this study is 
that sudden air-temperature changes as well as air 
movement fluctuations were investigated; the latter 
were done using an air supply device fitted with a 
swing plate to separate fan-forced warm and cool air. 
The impetus behind investigating thermal as well as air 
movement fluctuations appears to derive from Rongyi 
Zhao’s (2000) premise that thermal comfort can only 
exist in transient thermal conditions where the climate 
fluctuates – as in a steady-state interior climate only 
a “neutral thermal sensation is maintained – because 
the so called thermal comfort could not be perceived 
in steady-state environment.”204 I note here that the 
researchers do not equate neutral with comfort.
To test human responses to transient thermal 
environments Zhao, Sun and Ding (2004) sat an equal 
mix of lightly dressed young adult male and female 
subjects in a test chamber and exposed them to various 
temperature and air movement changes. The subjects 
were asked to record a vote based on the perceived 
thermal sensation. One interesting finding was that 
when the temperature was suddenly ramped up 
from a thermal neutral (25ºC) to a thermal warm/hot 
(35ºC or higher) the subjects were slow to record any 
change in thermal sensation, whilst when the reverse 
test was conducted, changing from warm / hot (35ºC 
or higher) to thermal neutral (25ºC) the subjects not 
only registered this change immediately, but actually 
overcompensated in their response, recording the 
neutral (25ºC) temperature as cold. This test clearly 
indicates that the human body is more sensitive to cold 
stimuli. Zhao et al accorded this phenomenon to the 
“difference of depth and distribution density between 
warm and cold sensors”205 beneath our skin. 
This larger study once again pointed towards the 
success of using ‘artificial natural wind’ fluctuations to 
improve both the perception of interior air quality and 
of thermal comfort in interiors climates with elevated 
temperatures (from 25ºC to 28.5ºC or higher), and 
noted that this strategy will also reduce operating costs 
and energy consumption by an estimated 39%.206 But, 
as Zhao et al admit, to “provide a fluctuating airflow is 
not difficult, but to create an airflow with basic features 
of natural wind is not easy.”207
A subsequent study also conducted at Tsinghua 
University, this time by Zhou et al (2006)208, further 
explored the key differences between ‘natural’ and 
‘mechanical’ air movement, which they attributed to 
the character of the power spectrum and the scale of 
turbulence intensity (Tu). The nature of turbulent air, 
also described as vortices or eddies, appears to play 
a key part in determining the character of ‘natural’ 
air movement. Once again this study reaffirmed that 
1/f functions in air movement resulted in improved 
perceptions of thermal comfort, but typically only when 
the temperature was higher then 26ºC, and the higher 
the temperature the more positive the response. Finally 
this study concluded that many subjects (46%) did not 
like the natural wind simulation, when the fan
Fig. 2.31
Graphic analysis of 
‘comfortable, uncomfortable and 
mechanical wind’
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supplied strong wind which caused dissatisfaction 
with draught. The higher velocity parts existed in 
the natural wind widely, and the simulated natural 
airflow only reproduced these parts completely. 
So an artificial wind which is exactly the same as 
a natural wind may be not the most comfortable 
airflow.209
Thus it is clear that the character of interior 
atmosphere needs to be carefully considered and 
designed and cannot be directly copied from data 
collected from field study measurements. 
A further study originating from Tsinghua 
University210 makes an interesting analogy between 
human perception of sound and air movement: “Just 
as people are sensitive to acoustic wave in a certain 
frequency range, human body is also sensitive to 
airflow in a certain frequency range.”211 We know that 
the audible spectrum of human hearing in usually in 
the range of 20 to 20,000 Hz. Likewise, Ouyang et al 
established on the basis of prior research undertaken 
by Fanger (1977), Masden (1984), Arens et al (1998) 
and Xia et al (2000) that there is a key spectrum for 
human thermal sensation and the perceived cooling 
effect generated by air movement; for their study, 
they set this as between 0.01 – 1 Hz212. They further 
elaborate that “although the turbulent flow consists of 
a mass of eddies of different scales, the eddies of low 
frequency part [0.3 – 0.5 Hz] are the main factor to 
affect human sensation.”213 Ouyang et al also observed 
that as mechanical air exits an air-supply outlet,
the proportion of energy of the eddies at high 
frequency is relatively high, and the b value is 
less than 1. With the increase of jet distance, the 
ambient air affects the jet airflow more strongly 
and the velocity descends gradually, thus the 3-D 
eddies motion increases obviously, and the b value 
is gradually close to the value of the typical natural 
wind.214
This does not mean that after a given distance 
from an exit jet mechanical air will assume all the 
characteristics of natural air flow, but instead that the 
ambient air within a space may play an important role 
in helping shape the character of airflow.
Finally, a paper published in 2012 by Hua et al, also 
from Tsinghua University215, describes an improved 
design for a personalised device that produces a 
‘simulated natural wind’ (SNW). Hua et al claim that 
previous devices developed to produce SNW did not 
produce a true simulation as the response time of the 
device was too slow and thus could not generate the 
broad power spectrum of wind fluctuations found in 
‘true natural wind’ (TNW). They convincingly support 
this claim with a graphic representation comparing a 
double logarithmic power spectrum curve of TNW and 
SNW generated by a device developed by their lab.
They developed an improved device employing 
more sophisticated drive technology that could respond 
much more quickly to input data to ramp up and ramp 
down wind speeds, thus being able to more closely 
simulate the type of fluctuations found in natural 
wind. Once again a graph supports this claim; while 
the power spectrum curves of the TNW and SNW still 
differ, they do so to a lesser degree. Rigorous testing 
with 21 subjects in a test chamber and 12 subjects 
in a real office situation once again confirmed the 
positive attributes of simulating the type of air speed 
fluctuations found in the outdoor ‘natural’ environment 
as compared to a constant steady-state airflow.
Fig. 2.32
Graphic representation comparing double logarithmic power 
spectrum curves ‘simulated natural wind’ (SNW) and ‘true natural 
wind’ (TNW). Hua et al. 2012.
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1.16 natural wind: discussion
In the previous section I discussed a selection 
of studies examining the fluctuations of natural air 
movement. These studies investigated the responses 
of subjects to such air movement from a wide range of 
field studies and laboratory experiments, and analysed 
attempts to simulate ‘natural wind’ in an interior 
environment using specially designed devices. Without 
exception all studies agreed on two key findings. One, 
that the fluctuations of natural air movement have 
been shown to be chaotic and can be characterised by 
the formula 1/f; and two, that such fluctuations in air 
movement have been observed to improve the thermal 
comfort of subjects in warmer conditions in both 
exterior and interior environments.
It is interesting to note that with the Korean study 
26ºC was described as ‘relatively warm’ whilst with the 
Chinese studies 25ºC was classified as cool to neutral 
and 30ºc or higher as neutral to warm. Clearly there 
are differing cultural and climatic factors that play a 
part in this classification. This is consistent with the 
adaptive model of thermal comfort. But whereas the 
‘natural wind’ studies looked at the possibility of raising 
the temperature setting for air-conditioned interior 
spaces (typically from around 24 or 25ºC to around 28 
or 30ºC) – and offsetting the reduced cooling effect by 
employing higher air velocities that mimic ‘naturalistic’ 
fluctuations in air movement – the ‘adaptive model’ 
does not presume that all interior spaces should or 
need to be air-conditioned at all.
Fig. 2.33
Graphic representation of a spectral analysis for the improved 
device by Hua et al 2012
Fig. 2.34
Diagram showing the 
experimental setup for a device 
generating simulated ‘natural’ 
wind fluctuations.  Zhou et al 
2006.
A criticism of such an approach 
is that it delivers a simulation 
of ‘natural’ from only one 
direction, unlike real ‘natural’ 
wind where the direction of flow 
is constantly changing.
Fig. 2.35
Graph showing the distribution 
of wind direction from the 
Korean study by Kang et al. 
2007, clearly illustrates how the 
direction of air flow is also in 
constant flux.
Aesthetics of Air
62.
Many of these studies have two key shortcomings. 
First, all of the test chamber experiments used modified 
fans to simulate natural wind, exposing subjects to 
fluctuations in air movement from only one direction 
(typically front on), whilst a key – and I argue critical 
– feature of the outside ‘natural’ atmosphere is that 
one’s entire body is immersed in the atmospheric 
phenomena, with the dynamic and transient 
fluctuations in air movement, temperature and so on 
coming from all directions and often simultaneously. 
The graph mapping the wind in the Korean study clearly 
shows this. To this end, a much more sophisticated 
system of devices, which may or may not include fans, 
needs to be developed and, as Ouyang et al (2006) 
suggested, the ambient air within a space needs 
to be taken into account and become part of this 
system. Second, an investigation into the experiential 
phenomena of ‘natural wind’ needs to encompass 
psychological as well as physiological factors. Although 
many researchers determined that 0.3 – 05 Hz is the 
most effective range between which a cooling effect 
is registered physiologically, the possibility that the 
occasional cooling breeze arriving unexpectedly can 
have a very stimulating and psychological effect needs 
to be considered. This final point returns us to the 
notion of alliesthesia. The unexpected cooling breeze 
reawakens our perception of atmospheric phenomena, 
even if only on the periphery of our consciousness, or 
– as Diederichsen put it with regards to ambient music 
– to phenomena which only require: “Casual attention, 
unconcentrated and fleeting”216.
These shortcomings are understandable, as 
the basic groundwork needs to be established 
and confirmed before more complex and perhaps 
qualitative investigations can be undertaken, but it is 
clear that there is scope for exploring the sensorial 
and sensual qualities of an ‘ideal’ natural atmosphere 
and the experiential milieu of favourable atmospheric 
phenomena between the interior and exterior.
2.17 towards a reconceptualising of 
interior atmosphere
The twentieth century dream of the air-conditioned 
man-made world was in large part an ideological 
construct leveraged from “fictional accounts of an 
advanced society that reached beyond its natural 
primitive beginnings.”217 The uncontrollable natural 
world, signified by the outside, needed to and 
conceivably could be overcome not only by severing the 
interior from the exterior, but also ideally by rezoning 
the idea of outside, thereby entirely redefining the 
notion of inside. In 1960 Buckminster Fuller and his 
student Shoji Sadao proposed to build a two-mile wide 
dome over Manhattan island so that the inside climate 
could be perfectly controlled. Fanger also dreamt of the 
fully air-conditioned city: “In the not so distant future 
we may perhaps add the completely covered cities 
which already today are a subject of feasibility studies…
so that also outdoors it may be possible to create local 
artificial climates.”218 Although these were dreams, such 
extravagance does highlight the prevailing zeitgeist at 
play. Countering these voices, other visionaries had 
concerns that such a level of control could have sinister 
consequences, where the utopian quickly unravels 
towards the dystopian. In E.M. Foster’s seminal 1909 
science fiction short story ‘The Machine Stops’, the 
residents of Earth of an unspecified date live in fully 
serviced capsules, standardised across the globe, where 
‘the air is always fresh’ and all their needs are met 
by a sophisticated automated system – the machine. 
People no longer meet physically nor go outside, but 
communicate via a version of the internet and video 
conferencing using disk shaped tablets and through 
emails and facebook-like virtual social spaces; many 
now ‘[know] several thousand people’. However, when 
the venerated machine starts to break down their only 
course of action is to send messages to the Central 
Committee, and, when the machine finally stops, there 
‘comes an unexpected terror—silence’.219 
More than a 100 years later many aspects of 
Foster’s dark vision are part of our daily lives. We have 
built such a machine; its incessant hum can be clearly 
heard when walking through any city late at night, and 
there are many devices as well as choices, conscious 
and subconscious, that determine the relationship 
between our interior existence and the exterior. 
Consider the occupant of an inner-city apartment 
who seeks to exert control over their interior and 
its relationship with the outside urban world. Such 
a desire is of course understandable, but from this 
arises a complex matrix of variables and decisions. 
What urban qualities are desired, which ones can be 
let into the interior and which are to be kept out? 
Air-conditioning, double-glazed windows, blinds and 
curtains, intercoms, video security and surveillance 
systems, and undercover parking behind a series of 
self-locking security gates, become effective filters that 
control the relationship between the exterior and the 
interior world. 
Within the modern metropolis we have built a 
society of control. Through a desire for our ‘comfort-
zone’ we control who comes in; we control the internal 
atmosphere – the airflow, light and temperature; 
we control what we hear, see and smell. Empty 
spaces in time – the downtime – are replaced with a 
consumption of syndicated entertainment: television, 
Google, Facebook, YouTube, iTunes and so on. 
Ironically, through this ability to exert so much control 
we may also have created a climate of heightened 
anxiety where we have lost control; the result of an 
interior under siege. The French philosopher Gilles 
Lipovetsky refers to this condition as the age of 
Hypermodernity (Lipovetsky 2005). The anthropologist 
Marc Augé argues that “the distinction between places 
and non-places derives from the opposition between 
place and space”220. A space that is disconnected from 
its urban place approaches such a condition, that of 
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the non-place. Or as David Serlin writes, the standards 
of the comfort-zone “have become naturalized in 
our lives, in an invisible process through which the 
climate-controlled environments of our homes, schools, 
and cars are indistinguishable from those of hotels, 
shopping malls, casinos, and hospitals.”221 
Interior climate has become bureaucratised. By 
embracing such extensive machinery of control, we 
have sacrificed much of our ability to control things 
ourselves, simply and without intermediary. When the 
air-conditioning system malfunctions we do not open 
the windows because they are inoperable, nor do we 
take off or don clothing to affect our own comfort; 
instead we send an email to the entity responsible 
for returning our interior condition to ‘normality’ 
– the managing agent or caretaker. Between the 
interior climate and ourselves now sits a cumbersome 
bureaucracy.
Interior climate has also become commodified – a 
product to be marketed and sold as ‘comfort’. To do 
this an idea of comfort needed to be devised and 
its qualities and the conditions under which it may 
exist determined; but in its ideal state, it was to have 
no perceptual qualities, and by its very nature, it 
negated any immersive atmospheric experience. Once 
these parameters were set and written into law, the 
qualities and phenomena of interior air could neither 
be manipulated by the occupant nor envisioned and 
played with by the designer.
Imagine a space in which all that can be seen is a 
uniform, soft white light. In psychology spaces such 
as these are referred to as Ganzfeld spaces and are 
used to explore human sensory perception. Within 
a Ganzfeld space subjects stare into a single field of 
colour and light intensity. In response the brain severs 
the unchanging signal from the eye and the subjects 
experience a temporary blindness. Such a space and 
its impact on our visual sense is akin to what the 
hermetically sealed interior, with its conditioned and 
standardised air, is to our skin (our largest organ): a 
form of sensory deprivation.
There are other, more subtle effects of standardised 
systems. Apart from the recognised health impacts, 
such as ‘sick building syndrome’ (SBS), there is the 
effect on our body’s ability to adjust to varying 
environmental conditions. Within the air-conditioned 
environment thermal comfort is almost entirely the 
product of the HVAC system and not the result, even 
Fig. 2.36
Proposal by Buckminster Fuller and his student Shoji Sadao to build a two-mile wide dome over Manhattan island, 1960.
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in part, of the body’s own thermo-regulatory system. 
If we spend most of our time within the confines of a 
tightly-regulated climate – cool, dry and still air – our 
body adjusts its metabolic system to consider this 
the normal condition. When we step outside of this 
narrow atmospheric bandwidth, for example, into 
warm humid air, we experience a form of thermal 
shock. To avoid this we may choose to remain in ever 
more tightly-controlled environments: offices, houses, 
cars, shopping malls, airports and cinemas – in effect 
abandoning outside urban spaces. Thus it is not only 
the air but ourself that is conditioned, as we slowly 
acclimatise to climatised air.
The seemingly innocuous act of removing the 
ability to open and close windows results in severing 
the window’s function as a ‘wind eye’xxvii, limiting its 
performance to all but vision, reducing it to a screen 
beaming in images of an external world. While the 
intention may be to climatically seal an interior to 
better control its thermal qualities, or to soundproof 
an interior, an unintentional consequence is to 
xxvii The word window originates from the Old Norse 
‘vindauga’, from ‘vindr – wind’ and ‘auga – eye’, i.e. "wind eye" 
Wikipidia. 
radically diminish the potential range and interplay 
of atmospheric phenomena within the interior or to 
remove them altogether. The occupant becomes a 
disconnected voyeur looking out into the city with no 
other relationship to it, perceptually dislocated from 
the surrounding urbanity, its smells, air, breezes, and 
sounds – all the fine nuances.
Juhani Pallasmaa criticises the plate-glass window as 
having lost its ontological meaning and being, “a mere 
absence of the wall”222. I propose, however, that rather 
than the window being the mere absence of the wall, 
the inoperable window, particularly when mirrored, 
has become the wall. Such buildings are now all walls: 
impenetrable visually and aurally from the outside, and 
isolating the occupant aurally and climatically within 
the interior. 
The predominant critique of the air-conditioned 
interior centres on the levels of energy consumption 
required to maintain it and the alarming level of 
environmental consequences associated with this. 
Alternative strategies developed to modify how we 
treat interior climate are likewise primarily strategies 
concerning energy conservation. But the concerns 
with energy consumption – no matter how pressing 
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– are perhaps not the primary issue here; they could 
conceivably be overcome through the application of 
clever technology and alternative renewable sources 
of clean energy. Even if it were possible to produce a 
steady-state, climate controlled interior atmosphere, 
which was carbon neutral and posed no other 
environmental dangers, even then it would not be 
desirable. Thus my critique goes right to the heart of 
the practice of hermetically sealing off the interior and 
introducing a steady-state air-conditioned atmosphere, 
to its raison d’etre.
In the following chapter I abandon the paradigm 
of the ‘comfort zone’ and rethink our relationship to 
interior atmosphere, including its complex interplay 
with the exterior and all the associated phenomena, 
conceiving atmosphere through an aesthetic that 
affords pleasure and delight. I then undertake a series 
of phenomenological investigations exploring air and 
our relationship to air in order to conceptualise it as a 
potential design medium.
Fig. 2.37.1
James Turrell, Ganzfeld, 
Coconino, 2000. Generation 
of a Ganzfeld like environment 
using a mono colour of saturated 
light
Fig. 2.37.2
Woman undergoing a Ganzfeld 
experiment. Ping Pong balls are 
placed over her eyes and she 
is then subjected balls over her 
eyes and a single field of colour 
and light intensity. In response 
the brain severs the unchanging 
signal from the eye and the 
subjects experience a temporary 
blindness.
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Fig. 2.38
Mirrored Building on Collins 
Street, Melbourne, Australia, 
2010. The mirrored building 
becomes all wall, hermetically 
sealing its occupants off from the 
exterior and reflecting the city 
back on to itself.
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Fig. 3.38
The explorative performance ‘Visualizing Air Phase 1’, part of ‘Urban Interior Occupation’ at Craft 
Victoria Gallery, Melbourne, 2008.
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3.1 introduction to the projects
My intention through the projects documented here 
is to move beyond the narrow construct of ‘comfort’ as 
the raison d’etre of interior atmospheres, to investigate 
a design that encompass the perceptual aesthetics of 
pleasure and delight. It was not stasis and certainty that 
so charmed Pliny the Younger in his villa Laurentine, but 
rather the perceptual variances of a complex emergent 
atmospheric system. And as the German philosopher 
Gernot Böhme states,
the concept of an ‘aesthetics of atmosphere’ shifts 
attention from the ‘what’ something represents, to 
the ‘how’ something is present. In this way, sensory 
perception as opposed to judgment is rehabilitated 
in aesthetics and the term ‘aesthetic’ is restored 
to its original meaning, namely the theory of 
perception.1
Attention to ‘how something is present’ raises a 
dilemma for the designer of aesthetic atmospheres, 
namely how is such an atmosphere – consisting 
of emergent, intangible, invisible and a virtually 
immaterial materiality – mastered, manipulated and 
transformed? How can air be explored and modulated 
as a design medium? How is it even conceived of ‘in the 
mind’s eye’?
Typical meteorological instruments such as 
anemometers, barometers and thermometers are 
useful for collecting quantifiable data but largely 
unhelpful as tools to analyse the perceptual qualities 
of an aesthetic atmosphere, or to inform its design. 
For example, how would one quantify the experience 
of Walt Whitman’s ‘mystical moist night-air’?2 This 
phrase speaks to a qualitative phenomenological 
encounter, whose perceptual qualities lie beyond 
the narrow dataset yielded by such instruments. The 
perceptual qualities of atmosphere are in constant flux 
and, moreover, they are relational and subjective. An 
investigation into the aesthetic qualities of atmosphere 
calls for a different approach – one that involves using 
our senses as the perceptual instrument.
It is still too often declared the we have five senses 
– vision, hearing, touch, smell and tastei – a concept 
that can be traced to Aristotle and most probably much 
further back. In fact, we have at least six to nine further 
senses,ii including the ability to sense temperature, 
balance, force, pressure, acceleration, motion 
(proprioception and kinaesthesia), pain, time, direction 
and so on. Sometimes more than one sense is used 
to perceive the same phenomenon, such as humidity 
i Sometimes referred to as our ‘exteroceptive’ senses – the 
senses that tell us something of the world outside of our bodies.
ii There is, however, no definitive agreement among neurologists 
as to the number of senses humans have due to differing 
definitions as to what constitutes a ‘sense’.
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being sensed externally on the skin and internally, 
through breathing, in the throat and lungs.
Often multiple senses are activated simultaneously 
by the layered aesthetic qualities of an encounter 
with atmosphere, working together to construct a 
rich phenomenological image with each sense adding 
something different to our understanding and memory 
of that encounter. The pleasure of walking through a 
semitropical rainforest, for example, is derived from 
a synthesis of rich scents: sweet top notes over deep 
musky low tones; cool and heavy moist air experienced 
in gullies alternating with hot dry air upon reaching 
a clearing; now and again a refreshing breeze; lush 
undulating textures under our feet; dappled shade 
interweaving with splinters of warm sunlight; and 
an exotic cacophony of sounds. Conversely, we can 
also derive deep satisfaction through closing down 
a number of senses to concentrate on one, such as 
shutting our eyes when listening to sounds or music. In 
both cases we experience sensual immersion, where 
ourselves and the phenomena we perceive become 
one. For the Japanese philosopher Kitaro Nishida 
(philosophy of emptiness), the ability of the sensing 
body to build such complex phenomenological images 
“was a form of knowing superior to reflective judgment, 
which he named ‘the cogitation of cogitation’ and ‘Ur-
thinking’.”3
Many of our senses operate by sensing change. 
Our thermal receptors, for example, do not measure 
temperature but change in temperature, and they do 
so with great sensitivity. We have, in fact, two separate 
senses to measure temperature: one on the skin – to 
measure temperature at the outside perimeter of the 
body – and homeostatic thermoceptors in the brain to 
measure temperature at the body’s core. Our senses 
construct sensory information in a relational manner 
– hot compared to cold. This becomes important 
when considering notions such as comfort – which are 
relative and never absolute – and our ability to adapt 
to changing conditions. Thus an indoor temperature set 
at 23.5°C may feel cool in summer yet warm in winter, 
and if the weather slowly becomes warmer or cooler 
over a period of weeks, our judgement of a comfortable 
temperature will imperceptibly adjust in response. 
But if we suddenly go from a hot climate to a cooler 
climate, or vice versa, the subjective effect is much 
more dramatic as we have not had time to adapt. The 
adaptive model of thermal comfort4 makes use of this 
ability for thermal adaptivity.
Understanding how we use our senses to 
build a phenomenological image of a perceptual 
encounter formed the basis of a methodology for the 
phenomenological study of atmosphere. Quantifiable 
data (such as temperature) was also used, but was 
set against a framework of qualitative information, 
while the qualitative observations themselves were 
undertaken in a multimodal exploration using a number 
of senses and/or methods of observation. Thus the 
documentation of phenomenological observations was 
done using several techniques such as videorecording, 
photography, written accounts, drawings, diagrams and 
sound recordings, as well as data from meteorological 
instruments, and used together to build a larger, more 
detailed picture of the qualities that constitute a 
highly complex perceptual milieu such as atmosphere. 
I developed and applied this approach over a six-
year period to investigate the nature, behaviour and 
dynamics of atmosphere, encompassing spatiality and 
inhabitation, scent, sound, temperature, humidity, 
temporality and so on, and how these interact to 
generate an interior atmosphere. 
For video footage of the following projects please 
visit:  https://vimeo.com/user7165278 
3.2 project 1: exploring ‘natural’ 
atmospheric phenomena
My investigations commenced with an 
observational study of how air behaves in a ‘natural’ 
outdoor setting, exploring the question, What 
qualities characterise air in an outdoor environment? 
In particular, I was seeking to understand the nature 
of air movement that makes the perception of air 
– on a pleasant day – so sensuous. This question 
leads back the original hypothesis that initiated this 
research project. On a warm summer’s evening, for 
example, people can be observed promenading and 
sitting outside in the open air – on verandas, in parks, 
strolling in streets or dining al fresco. Even though 
the ambient outside temperature may be in the low 
30s (°C), the air-conditioned restaurants and bars are 
empty. Clearly, there is something about the quality of 
the air, including how it moves, that makes the ambient 
temperature not only tolerable but luxurious. While the 
inclination to be outside can be observed at any time, 
it seems most prominent at night – suggesting it may 
not be radiant sunlight, but the qualities of the air that 
draws people.
My first observations were undertaken in and 
around the Melbourne Botanical Gardens. With their 
rolling hills and sweeping lawns set around a central 
lake, the gardens make an ideal setting for favourable 
breezes – a fact well-known to Melbournians.iii I 
focused on observing air movement as evidenced by 
fluttering leaves, swaying branches and grasses, and the 
rippled surface of the water on the lake. Although we 
have all at some stage – some with more rapture than 
others – observed natural phenomena, such seemingly 
ordinary observations can be a powerful investigative 
tool if the observations are studied and not just ‘taken 
iii The botanic garden, the quiet lake, the riverbank or the 
tempered forest is perhaps a nineteenth-century romanticised 
notion of nature. But the endurance of this notion into the twenty-
first century and the unyielding popularity of such forms is no 
doubt testament to such ‘natural’ landscapes holding particular 
qualities that humans seek.
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for granted’. Using this approach places me in esteemed 
company. Scores of ‘natural’ investigators including 
Leonardo da Vinci were led to profound discoveries by
observing and drawing pictures and writing not 
equations but prose. [For example] the French 
mathematician Jean Leray, one of the great 
pioneers of fluid dynamics in the twentieth century, 
formulated his ideas while gazing for long hours at 
the problem in hand, standing on the Pont Neuf in 
Paris and watching the Seine surge and ripple under 
the bridge.’5 
I was seeking to develop a ‘design archive of 
atmospheric phenomena’, which could be drawn upon 
to generate sensuous interior atmospheres to enrich 
our everyday interior environmentsiv.
3.2.a project 1 – leaves & branches
The hypnotic image of swaying fields of wheat or 
drifting grass has a deep, visual, kinetic beauty that 
has been explored and interpreted by countless artists. 
While artistic works highlight well the transient and 
dynamic nature of this phenomenon, its scale is all 
too enveloping to reveal the more intimate perceptual 
relationship our bodies have with air.
By studying the more intimate movement of leaves 
on a tree, I observed how the leaves on one branch 
would flutter while those on an adjacent branch 
remained still. Their relationship would constantly 
change at random intervals – sometimes all would 
move, and then all would be still. This revealed to 
me that the movement of air has both a temporal 
and a spatial aspect. The temporal fluctuations of air 
movement – for example, a breeze gathering strength 
and then dying away before a subsequent breeze 
appeared some time later – is something we are all 
familiar with, but it was a surprise to observe that the 
effect could occur within a very defined spatial zone, 
raising the question of how this effect might impact on 
our senses and make us feel.
For example, imagine two people sitting next to 
each other in a park. Even though they are in close 
proximity to each other, they may experience a 
different microclimate. One might feel a gentle cooling 
breeze that lasts a minute or so, while the other may be 
getting slightly warm before the cooling breeze reaches 
iv This archive was to constitute a relational collection between 
atmospheric experiences – physiological and psychological – and 
‘air’ phenomena, linking our experience of air with associated 
atmospheric phenomena in a quest to understand, or to be able 
to envision, these phenomena and then work with them. In the 
end, after a number of attempts, I never built such an archive, 
at least not formally, as I soon realised that to make such direct 
connections between experience and phenomena was not only 
extremely difficult but was also too didactic and oversimplified 
the vivid complexity of the atmospheric system and its 
relationship to our body and experience.
them – and then the relationship shifts. We may 
assume that a breeze we experience, is experienced 
in the same way by the person next to us, since we 
imagine wind as a larger singular spatial force moving 
across the landscape and not as a highly localised 
phenomenon whose boundary can be delimited by 
our bodies. Yet in my observation of fluttering leaves I 
discovered that this could be the case.
3.2.b project 1 – capillary waves
Likewise, I observed a breeze generating a small 
pool of ripples (called ‘capillary waves’) on the surface 
of an otherwise still lake. The pool of capillary waves 
was slowly traversing across the lake toward me, 
expanding and contracting before unexpectedly 
dissipating altogether. The lake’s surface is an 
ideal medium for analysing such phenomena as it 
allows observation on a two-dimensional plane, in 
effect representing a slice taken through the three-
dimensional phenomenon of wind. Such slowly-
advancing breezes demonstrated once again how 
localised air movement could be. 
The ‘kinetic façades’ by the American environmental 
artist Ned Kahn draw on a similar technique to visualise 
the same phenomena, but instead of using water as 
the active surface they employ a large grid of small 
individually-hinged aluminium sheets that create a 
vertical, rather than horizontal plane on which the air 
currents are visualised. One such façade from his Wind 
series, Turbulent Line (2012), fronts the long multistorey 
car park of Brisbane airport. The shimmering patterns 
of air movement that I observed across half an hour 
were highly reminiscent – both spatially and temporally 
– of those observed on the surface of the lake. Distinct 
wave-like motions, clustered into smaller pools of 
activity, swept across the façade. There were moments 
when the entire 5000 square-metre façade was in 
motion, others when it was completely still, and at 
times only a small portion showed any activity. Such 
distinct pools of activity were at times almost entirely 
localised – not shifting their position along the large 
kinetic canvas. The fact that Kahn’s work can be used 
Fig. 3.1
Len Lye kinetic sculpture ‘Grass’ 1965.
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as an instrument for observing natural phenomena is 
no coincidence as he clearly states, “The confluence 
of science and art has fascinated me throughout my 
career … I strive to create artworks that enable viewers 
to observe and interact with natural processes.”6
Analysis of video stills taken of the lake and of 
Ned Kahn’s façade revealed a further significant 
phenomenon. In the case of the lake they showed that 
the defined pool of capillary waves were moving across 
the surface of the lake at less than 0.02 metres per 
second.v However, generating such a phenomenon in 
on the surface of water – to overcome surface tension 
- requires wind speeds substantially greater than 
this. Animated air movement can be clearly observed 
within a very specific and localised region remaining 
virtually fixed, not changing its position, whilst in an 
adjacent region, perhaps less than half a metre either 
side, minimal atmospheric activity is observed; in this 
instance air movement is observed as a highly localised 
phenomenon. This localised difference in air movement 
can be accentuated by considering an atmospheric 
phenomenon of a different order of magnitude – a 
tornado. The speed of the cyclonic air movement 
within its centre can be extreme but the ‘eye’ itself may 
only advance across the surface of the land at a much 
slower rate. Diagrams depicting air currents typically 
show lateral arrows following a roughly straight-line 
trajectory. However, applied to ordinary air currents the 
above formulation reveals an altogether different and 
v By studying the video recording, I could ascertain that 
the surface ripples were advancing towards the shoreline at 
approximately one meter per minute.
more intricate progression and may well challenge our 
perception of how air currents such as breezes advance 
across a landscape.
3.2.c project 1 – anemometer test
To verify my observation of highly localised 
atmospheric activity, I constructed a simple device 
consisting of three identical anemometers fixed 
to an aluminium tube. The anemometers would 
simultaneously record air speed at three points in 
space, 750 millimetres apart (1.5 metres in total), along 
a linear axis. This setup was mounted to a tripod and 
placed in the open air at different geographic locations 
and times. A video camera was used to record the 
wind-speed measurements. The objective was not to 
measure fluctuations in air speed in any detail, nor to 
determine the distance over which such fluctuations 
might occur, but to reaffirm the observation that they 
did occur at a distance that approximates three people 
sitting in a park or walking abreast. The continuously 
fluctuating readings from the three anemometers 
confirmed my observations.
At one tropical location (Magnetic island off 
the North Queensland coast), the experiment was 
conducted in high summer where the air movement 
was typically so lazy that the anemometers could not 
record a measurement (> 0.2 m/s) yet could be felt, 
revealing the sensitivity of our human ‘instrument’.
Fig. 3.2
This sequence of video stills taken of the lake’s surface clearly shows how air currents, as evidenced by small ripples (capillary waves) 
on the waters surface, fluctuate and shift over a period of 3 ½ minutes. Malte Wagenfeld 2006
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Fig. 3.3
Ned Kahn’s Turbulent Line (2012) facade Brisbane International 
Airport, Brisbane, QLD Australia
Fig. 3.4
Here surface ripples (capillary waves) caused by breezes can be 
observed progressing at approximately 1 metre per minute toward 
the lake’s shore. However to generate such capillary waves 
requires air speeds substantially greater then this; indicating 
highly localised atmospheric activity. Malte Wagenfeld 2006
Aesthetics of Air
80.
Fig. 3.5
This sequence of video stills taken of Ned Kahn’s Turbulent Line (2012) façade shows distinct wave-like motions clustered into smaller 
pools of activity sweeping across the façade.
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Fig. 3.6
A simple rig locating three anemometers along a linear axis 
verified the observation of highly localised atmospheric activity. 
Malte Wagenfeld 2007
Fig. 3.7
An anemometer reading taken on Magnetic island off the North 
Queensland coast conducted in high summer. The air movement 
was typically so lazy that the anemometers could not record a 
measurement > 0.2 m/s.
Fig. 3.8
The function 1/f relates to non-equilibrium driven dynamic systems and can be found in virtually all natural systems, but can also be 
observed in many manmade systems, such as traffic fluctuations on a freeway.
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3.2.d project 1 – chaos in the wind 
(1/f)
As discussed in Chapter 2: Natural Wind, these 
fluctuations in air movement and direction, particularly 
their frequency, approaches the chaotic function 1/f.7 
The function 1/f relates to non-equilibrium driven 
dynamic systems, as can be found in virtually all 
natural systems but also in many man-made systems. 
During a conversation with Professor Shin-ichi Tanabe 
of Waeseda University in Tokyo (Tokyo, June 2006), 
Tanabe gave the example that the frequency of traffic 
on an open road such as a freeway relates to this 
chaotic equation. In their paper ‘Chaotic Fluctuations in 
Natural Wind’, Hara et al (1997) present the hypothesis 
that it is precisely these chaotic fluctuations that can 
make the experience of outside air so pleasant8. 
3.2.e project 1 – streets of 
manhattan
In a subsequent investigation, I observed the 
infamous billows of steam that appear so frequently 
from manholes, gutters, cracks and buildings in the 
New York borough of Manhattan. These clouds of 
steam produce the beguiling ambience that has 
become closely associated with this city. Underneath 
Manhattan lies a vast network of pipes that carry steam 
to heat and service the city’s interiors. Steam appears 
above ground when water comes in contact with these 
hot pipes underneath the roads or from pressure-
release valves and the many leaks from this ageing 
infrastructure. 
This spectacle proved ideal territory for observing 
atmospheric phenomena. Of particular interest were 
sites where multiple billows of steam appeared within 
close proximity of each other. The intersection of 
Forsyth and Rivington streets in the Lower East Side 
was one such location where a set of three jets, at 
roughly three-metre intervals, sprouted near the curb 
of Forsyth Street. I video recorded these manmade 
geysers over an extended period. Studying the footage 
showed the wind tending in an easterly direction down 
Rivington Street, but this is only a rough approximation. 
More careful examination of a sequence of video 
stills revealed that each jet of steam followed its own 
trajectory, sometimes moving in unison with one of the 
Fig. 3.9
Clouds of steam emerging from beneath the city of New York produce a beguiling ambience, which has become closely associated with 
this city and an ideal medium for observing atmospheric phenomena. Malte Wagenfeld 2008.
Fig. 3.10
Map showing the location of the observation at the intersection of 
Forsyth and Rivington streets in the Lower East Side, Manhattan, 
NYC.  Malte Wagenfeld 2008.
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Fig. 3.11
Yellow, blue and red arrows are used to trace the diverging trajectories taken by steam from three adjacent jets impacted by fluctuating 
localised atmospheric phenomena. Malte Wagenfeld 2008.
others and sometimes taking an altogether different 
course. For example, in frame 3 of Figure 3.11 the jet 
traced by the red arrow is observed hugging the road 
and moving in an easterly direction, while the one in 
the foreground, about six metres to its north and traced 
by the yellow arrow, rises almost vertically. These 
observations revealed yet again how randomised and 
localised the movement of air can be.
3.2.f project 1 – manhattan sky
Perhaps most remarkable was a vigorous jet of 
steam that suddenly appeared from the top floor of a 
building opposite my hotel room in central Manhattan. 
The air movement, as revealed by the steam, had an 
enthralling dance-like motion: poetic and elegant, 
elaborate and complex, emergent and fluid. Of 
particular fascination was the re-emergence, now and 
again, of recognisable, sometimes almost identical, 
pattern formations.
Upon first analysis of the video footage, I was struck 
by the frequency with which such clearly identifiable 
patterns would occur. The most dramatic pattern was 
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a distinctive vortex in which the air appears to turn a 
somersault; it is first observed early in the footage at 
ten seconds, and then reappears at around one minute 
and forty-five seconds. Such aperiodic patterns, which 
are a characteristic of self-organizing systems, became a 
key observation throughout this research, and confirm 
that we are observing a turbulent system. Philip Ball 
writes that in
everyday parlance, ‘turbulent’ is often a synonym 
for the disorganized, the chaotic, the unpredictable 
– and while fluid turbulence does display these 
characteristics to a greater or lesser degree, 
we can see from Leonardo’s sketches (which 
invariably show turbulent flow) that there is a 
kernel or orderliness in this chaos, most especially 
in the sense that turbulent flow often retains the 
organized motions that spawn vortices.9 
In subsequent video footage further, if less 
distinctive, vortices were observed such as one that 
curiously resembled a question mark (Fig 3.15). 
Likewise an unusual circular vortex formation was 
observed; which grew in size over five or so seconds 
before dissipating. During this time period the 
formation moved in an upward trajectory with the right 
hand side breaking away causing the vortex to stretch. 
In Figure 3.16, the red cross signifies the original 
position whilst the blue circle marks the approximate 
centre of the vortex. Characteristic of these patterns 
is that they are relatively stable as they move through 
space, as can be observed with clouds, the vortex being 
Fig. 3.12
These two strikingly similar vortex formations, which appear within approximately 1½ minutes of each other, reveal the propensity of a 
self-organising system to generate such aperiodic patterns. Malte Wagenfeld 2008
Fig. 3.13
Observational sketches of phenomena generated by flowing 
water, Leonardo da Vinci, 1509.
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Fig. 3.14
Smoke at various levels in a vortex street. From  ‘An Album of Fluid Motion’ Milton Van Dyke, 1982.
Fig. 3.15
An unusual vortex in the shape of a question mark further evidences the propensity of turbulent air to generate aperiodic pattern 
formations.
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particularly robust due to the stabilizing influence of its 
internal spinning motion. This phenomenon of a vortex 
is discussed in detail later in this chapter.
While these observations confirm that the air is 
simultaneously moving in multiple directions, in which 
direction and with how much force is dependent on 
your spatial point of reference, with these manifold 
forces constantly changing in four-dimensional space-
time. The sequence below (Fig 3.17) illustrates this 
clearly. The red arrows denote the observed trajectory 
of the steam whilst the blue arrows define the 
presumed forces or air currents acting on the steam. 
Initially the pressure with which the steam exits the 
valve causes the jet to follow the same trajectory; 
however, as the inertia of this force dissipates the 
dynamics of the external atmosphere come into play. 
Analysing any particular force acting on the steam is 
difficult and always an approximation. As the steam 
moves through space the forces acting on it alter as 
different microclimatic systems come into play, which 
most likely explains why a billow of smoke or steam 
is so dynamic. And although this may, at least in part, 
help to explain the characteristic form of smoke or 
steam, it by no means leads to an ability to predict how 
it will behave at any given moment. It can perhaps be 
predicted that it will assume a familiar pattern, but 
certainly not which specific pattern.
3.2.g project 1 – reflection & 
discussion
Clear similarities are observable when the patterns 
generated by the steam in the Manhattan sky are 
compared with those on the surface of the lake. Given 
the patterns of steam exist in three-dimensional space, 
and those on the lake’s surface in a two-dimensional 
cross-section, each contributes different observational 
insights into how air behaves in an open environment, 
but the critical reflection taken from these initial 
investigations is that ‘natural air’ – air found in the 
outside – behaves entirely differently to the steady-state 
‘laminar’ model of air movement that HVAC engineers 
strive to achieve within the hermetically sealed air-
conditioned space. Consequently, what makes natural 
air so pleasant, given the right conditions, is in all 
likelihood precisely its dynamic and transient (not 
static) and turbulent (not laminar) behaviour. I was 
surprised how quickly this method of investigation 
generated a critical understanding of air movement, 
and it was the almost immediate revealing of critical 
insights that convinced me to adopt the analytical 
observation of phenomena as a fundamental research 
method for most of the subsequent research projects.
Fig. 3.16
An unusual circular vortex formation was observed; which grew 
in size over five or so seconds before dissipating. During this time 
period the formation moved in an upward trajectory with the right 
hand side breaking away causing the vortex to stretch. The red 
cross signifies the original position whilst the blue circle marks 
the approximate centre of the vortex.
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Fig. 3.17
Yellow, blue and red arrows are used to trace the different forces acting on a cloud of steam emanating from the top floor of an 
apartment building. Midtown Manhattan, NYC.  Malte Wagenfeld 2008.
Aesthetics of Air
88.
Chapter 3
89.
3.3 project 2: exploring air using 
scanning lasers & fog
However, exploring the more subtle air movement 
experienced in interior spaces required more 
specialised methods of visualisation. The striking effect, 
rendered with such drama in Baroque art,vi of light 
rays being ‘materialised’ by luminescent particles of 
dust or vapour floating in the air was the inspiration 
behind the first technique I tried. A spinning mirror 
set at forty-five degrees to a laser beam was used to 
produce a wafer-thin sheet of light into which vapour 
was introduced from a fog machine, creating a two-
dimensional planar dissection of air, reminiscent of the 
ripples of water on the lake’s surface. A small team was 
assembled to operate the apparatus and participate 
as subjects.vii The first investigations were conducted 
in a converted warehouse in Melbourne’s inner north, 
chosen for its particular qualities of air. The generous 
but still intimate interior space and the slightly-porous 
old louvered factory windows combined to generate a 
gentle, barely perceptible yet continuous, movement 
of air. The experiments were devised to map a spatial 
topography of air currents within the interior space. 
Like the diagrams of blue and red arrows drawn by 
engineers and architects, I expected the air to behave 
and circulate in a predictable manner. For example, 
higher air velocity was expected near the windows and 
floor, and lower velocity in the centre of the room or 
near the ceiling. The intention was to take various slices 
through the space on both the x- and the y-axes in 
vi See, for example, Peter Paul Rubens, The Fall of Phaeton, 
circa 1604–1605. National Gallery of Australia.
vii Malte Wagenfeld, Jason Parmington, Ian de Gruchy, Ramesh 
Ayyar and Polly Watkins (Melbourne, 2007).
order to observe the different rate and direction of air 
currents; the renders in Figure 3.19 illustrate the intent 
of the initial experiments. However, it soon became 
apparent how simplistic this premise was.
3.3.a project 2 – laser & fog 
investigations 1 & 2 (thornbury, 
2007)
Our first impression of the luminesced atmosphere 
was one of pure amazement. It appeared as a highly 
complex set of paisley-like patterns of gently spinning 
vortices that had the delicacy of fine lace. The air 
within the space seemed to be moving in no particular 
direction, but rather in all directions at once. Swirling 
bodies of air were seen moving north and south, east 
and west, up and down and crossways, sometimes 
slicing past each other like people in a crowd, 
Fig. 3.19
Preliminary renders of the planned experiments for the visualization of air currents using scanning laser light and fog. Initially the 
experiments were devised to map a spatial topography of air across horizontal and vertical planes to observe the anticipated ‘orderly’ 
behaviour of air current within such a naturally ventilated interior. Malte Wagenfeld, 2007
Fig. 3.18
Peter Paul Rubens, The Fall of Phaeton, circa 1604–1605. 
National Gallery of Australia. 
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Fig. 3.20
The mesmerising complexity 
of atmospheric phenomena 
as visualized by the laser 
luminesced atmosphere. Malte 
Wagenfeld, J. Parmington 2007
Fig. 3.21 (previous page)
The mesmerising complexity 
of atmospheric phenomena 
as visualized by the laser 
luminesced atmosphere. Malte 
Wagenfeld, J. Parmington 2007
Fig. 3.22
Movie stills of Jean Orphée 
entering the underworld through 
a mirror that shatters and 
then reconstitutes. From Jean 
Cocteau’s film  Le testament 
d’Orphée. 1950
Fig. 3.23
A person approaching the plane of laser-illuminated atmosphere would cause the air to part, 
creating a door-like opening. Once they had passed through the plane, a slightly enlarged imprint 
of their body was momentarily visible before the air, apparently clinging to their body, spiralled 
behind them closing this virtual door. Malte Wagenfeld, J. Parmington 2007.
Fig. 3.24 (opposite)
Detail highlighting the swirling currents generated by walking through the visualized air.
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sometimes spiralling into one another and then moving 
off together on a new trajectory. Now and again, a 
larger nebula of air, about the size of an apple, would 
slowly rotate on its axis, moving leisurely through 
space at about one centimetre per second. These fine 
patterns of air were clearly part of a larger system of 
highly complex relationships created by a multiplicity 
of currents and interactions. Here, air movement was 
evidenced as exceedingly transient and randomised. 
As we explored the air as a medium, the limitations 
of previously planned experiments became apparent 
and they were all but abandoned. Most surprising 
of all was how the motion of our own bodies, when 
undertaking simple acts of habitation, impacted on the 
air. A person approaching the plane of laser-illuminated 
atmosphere would cause the air to part, creating a 
door-like opening. Once they had passed through the 
plane, a slightly enlarged imprint of their body was 
momentarily visible before the air, apparently clinging 
to their body, spiralled behind them closing this virtual 
door; reminiscent of Orpheus entering the underworld 
though a mirror (which shatters and reconstitutes) in 
Jean Cocteau’s film ‘Orphée’. The impacts of our bodies 
revealed how occupants within the space become 
contributors to the dynamics of the atmosphere.
Another striking observation was how noticeably 
the air was displaced when someone unexpectedly 
opened the door to the warehouse, even though this 
door was about six to eight metres from the plane 
of laser-light. In another experiment an electric fan 
was turned on to observe how it would affect the 
atmosphere. Surprisingly all the fine visible patterns 
were immediately dissipated leaving only a blurred 
homogenous cloud of fog. From this it was assumed 
that the air movement was tipped from an emergent 
self-organising state, as revealed by the fine patterns of 
turbulent air, to a fully chaotic state. Not only does the 
air movement created by an electric fan feel different 
from natural air movement, but it creates a strikingly 
different visual image. To further explore this idea a 
traditional Japanese paper hand-held fan was gently 
waved in the manner typically used to cool oneself. 
This movement appeared to stir the air but it did not 
destroy the fine patterns. Again, I wondered if there 
was a connection between the perceptual aesthetics 
of the air currents the hand fan produces and these 
coherent visual patterns.
Although these initial experiments did not confirm 
my original premise, they were far from a wasted effort 
as they revealed that air in a voluminous, naturally 
ventilated space is constantly moving. The extent, 
complexity, intricacy and multidirectional nature of 
this movement was utterly unexpected. I propose that 
the swirling currents of air we observed may have the 
Fig. 3.25
Air was displaced by opened 
a door more then eight meters 
away.
Fig. 3.26
A traditional Japanese paper was used to gently waft the patters 
of air.
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physiological effect of randomly stimulating the skin 
from all angles concurrently. This phenomenon of 
transient air may explain in part why air in a cathedral 
– in which the voluminous space generates a more 
dynamic movement of air – feels so different from air in 
a small room.
The most surprising observations related to how 
occupants and their actions within a space become 
contributors to the dynamics of the atmosphere, thus 
creating a phenomenon in which the occupant impacts 
on the air and the air impacts on them. The next phase 
of investigationsviii were designed to further explore this 
reciprocity. Once again a small team was assembled 
to operate the apparatus and participate as subjectsix. 
Now focussed on acts of habitation specifically, we 
began interacting with the atmosphere by performing 
viii Laser & Fog 2, session 1, 05 October 2007
ix Melbourne 2007, Malte Wagenfeld, Jason Parmington, Ian de 
Gruchy, Ramesh Ayyar, Polly Watkins
everyday actions as inhabitants of the space – opening 
and closing doors, walking back and forth, turning on 
radiators and electric fans and so on. Most captivating 
of all was the impact of the seemingly inconsequential 
act of breathing. A breath gently exhaled in parallel 
with the laser-light could be observed travelling over six 
metres across the room, tracing a flowing trail through 
the patterns led by the distinctive dipolar head of a 
vortex.
3.3.b project 2 – making more laser 
devices (thornbury, 2007)
The initial success of these visualisations 
encouraged me to build a further four, more refined, 
scanning laser devices capable of projecting multiple 
planes of light, to luminesce the air and observe its 
movement through space. The new laser devices had 
stronger light output, but more importantly they were 
Fig. 3.27 
Laser-light and fog used to observe a woman’s breath as it travels over six metres through the 
warehouse space. Malte Wagenfeld, J. Parmington, P. Watkins, R. Ayyar and I. de Gruchy, 2007
Fig. 3.28
Laser devices at various stages of construction.
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fully portable and equipped with a camera mount so 
that they could be attached to a photographic arm, 
enabling them to be precisely positioned and adjusted 
in any direction. The ability to design and construct 
tools, jigs and devices is an important prerequisite for 
this type of investigation and making my own tools with 
which to explore the atmosphere became a key driver 
for the larger research project. It allowed me to quickly 
and intuitively test ideas and follow hunches, and then 
to further explore and develop these when they yielded 
results – refining the technique and method in making 
the required apparatus.
3.3.c project 2 – laser & fog 
investigation 3, sessions 1 & 2 
(thornbury, 2008)
To further observe air movement and other 
phenomena, in the next phase of investigationsx I used 
these four laser devices to project several planes of 
light in parallel. I could now dissect the air movement 
along horizontal, vertical and perpendicular (x-y-z) 
planes, three axes resembling the corner of a room 
or box. To capture the higher laser output I used high 
definition cameras and the result was visually stunning. 
The multiple planes of laser light created surprisingly 
intimate spaces, and moving through them felt like 
flying through layers of clouds. The visualisation of 
this startling atmospheric complexity in more detail 
did not reveal significant new insights, and nor did 
visualising the air in three (x-y-z) planes. But what these 
investigations reaffirmed was the level of complexity 
and transience in the behaviour of air currents and, 
most significantly, that turbulence as characterised by 
the vortex is the predominant feature of the observed 
atmospheric activity. And although at times there may 
be an observable vectorial direction to the movement 
of a given body of air – say upwards – the body of 
air was always observed to move in a swirling vortex 
pattern and never in an entirely laminar fashion. But 
x Laser & Fog 3, session 1, 28 May 2008 (collaborators Malte 
Wagenfeld, Polly Watkins, Jason Parmington), and session 2, 29 
May 2008 (collaborators Malte Wagenfeld, Polly Watkins, Meg 
Mundell, Ian de Gruchy, Ebony Satchwell).
Fig. 3.29
The use of multiple scanning lasers enabled visualizing air 
through several planes, in parallel or perpendicular to each other. 
Malte Wagenfeld 2008
Fig. 3.30
The multiple planes of laser light created surprisingly intimate 
spaces, and moving through them felt like flying through layers of 
clouds
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even then, when there is a linear force being exerted 
on the air – for example from the pressure of the 
fog exiting the fog machine or from a human breath 
– the air acted like a fluid and displaced not only 
in the direction of this force (even though this was 
predominant) but in all directions. Consider the analogy 
of a person diving into a pool of water. As they enter, 
the water is not only displaced in line with the direction 
of their dive, but in all directions – as evidenced by the 
waves which can be seen radiating out from the point 
of entry.
Thus we needed to consider the physiological effect 
such swirling air currents have on our skin, and during 
the second sessionxi of investigations a number of 
xi Laser & Fog 3, session 2, 29 May 2008 (collaborators Malte 
Wagenfeld, Polly Watkins, Meg Mundell, Ian de Gruchy, Ebony 
Satchwell).
significant new realisations did result, but once again – 
as is so often the case with experimentation – not those 
originally planned for or expected. At the end of the 
first half of the second session the warehouse space 
was opened to the night air to clear the fog generated 
by the fog machine  – which by now had become quite 
dense – and to prepare the space for the next session 
of investigations. The cool evening temperature that 
had dipped down to 7°C had the effect of not only 
clearing the air but also cooling the internal air. There 
was a dramatic change in how the internal air – now 
cooler and denser – behaved. It was much more active 
in its movement, rapidly dissipating the warmer fog 
produced by the fog machine, rigorously pushing away 
the warmer lighter air. This made it more difficult 
to conduct the experiments as planned but raised 
interesting questions about the strength with which 
cold drafts move through a space. Another subtle 
phenomenon was observed – convection currents rising 
Fig. 3.31
These investigations reaffirmed the complexity and transience of air currents and most significantly 
that turbulence as characterised by the vortex is the predominant feature of the observed 
atmospheric activity.
Fig. 3.32
Creating and x y intersection with which to reveal atmospheric phenomena.
Fig. 3.33
Visualizing the air in three x-y-z planes, resembling the corner of a room or box.
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from our fingertips, enough to draw fine patterns in the 
luminous air. In a state of some disbelief I used a stick 
about the same width as a finger to see if it produced a 
similar effect, but it didn’t – confirming the observation 
and alerting me to the considerable effect body 
heat has on the cold air. To explore more convection 
currents we observed the effect a hot radiator had on 
the air. Rendered with a vertical plane of laser light, 
the air appeared like a roaring fire, revealing a much 
greater level of atmospheric activity than expected. 
Holding an anemometer directly above the radiator 
further confirmed this observation of significant and 
measurable convection currents. Such convection 
currents are – like a fan – clearly themselves a device 
for generating atmospheric activity.
To further emphasise the relationship between 
bodies and atmosphere, investigations were 
undertaken to explore the effects our bodies had on 
the interior atmosphere besides that of generating 
convection currents – those of breath and odour, 
movement and other physical actions. The most 
interesting investigation was one in which two people, 
standing about three metres apart, were able to 
visually exchange breath. A horizontal plane of laser 
light was set at head height, allowing the two of my 
collaborators, Meg and Ebony, to align the height of 
their mouths. First Meg would gently breath in the 
direction of Ebony, and when her breath reached 
Ebony, Ebony would inhale it and then exhale it back 
towards Meg. This action was repeated several times. 
Both Meg and Ebony commented how intimate this 
act was. Even though it is something we all do, often 
many times a day, it is not usually considered because 
we cannot normally observe this phenomenon. This 
observation of the symbiotic relationship between 
occupants and air demonstrated that the interior 
atmosphere is not only determined by the architectural 
space and its interactions with the external 
atmosphere, but also animated by those inhabiting the 
space – that air is a shared and intimate medium.
Fig. 3.34
Heat convection from a fingertip is sufficient to trigger observable 
atmospheric phenomena as evidenced by the small vortex that 
appears above the finger. Malte Wagenfeld, J. Parmington, P. 
Watkins, 2008
Fig. 3.35
A stick was used to test that this did not produce a similar 
phenomena.
Fig. 3.36
The visualization of two women, Meg and Ebony, exchanging 
breath exhaled across a room. 2008
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3.3.d project 2 – visualizing air, 
phase 1 (craft victoria gallery, 
september 2008)
This notion of air as a shared and intimate medium 
formed the basis of the next set of investigations, 
conducted as a series of public performances and 
installations, held at the Craft Victoria gallery in 
Flinders Lane, Melbournexii. ‘Visualizing Air, Phase 1’ 
investigated the notion of air as a shared medium 
within interior space. Lasers were arranged to visualize 
air in various planes generating three-dimensional 
and layered dissections. The performance began by 
revealing the effect of human breath, of first one, 
and gradually all three performers, each transitioning 
from gentler to more vigorous breathing. After some 
time, the performers formed a circle several metres 
in diameter, turned towards each other and began 
exchanging breaths as if they were passing a ball in a 
child’s game. Next the performers took turns to move 
through the space – beginning with gentle walking 
slowly progressing to skipping, running and cart-
wheeling, executed one by one and then in unison and 
repeated from opposite directions. The visualization 
of their interactions showed once again how personal 
acts affect a shared atmosphere; and the dynamics of 
air itself, visualized in this way, became the focus of the 
performance.
At the end of this choreographed performance, 
the audience was invited to undertake their own 
exploration of the atmosphere. One chance encounter 
saw two audience members move in very close 
proximity, but from opposite directions, through a 
plane of the visualized air. This generated opposing 
spirals of spinning air that elegantly locked into each 
other momentarily forming a double helix, creating a 
pertinent metaphor for the performance. A common 
audience observation was how the visualized planes of 
air could create intimate environments within what was 
xii Urban Interior Occupation: Craft Victoria Gallery, 
Melbourne, September 2008; 
otherwise a large and open space. This effect was partly 
due to the lasers and fog generating walls of light, but 
it did inspire ideas of how atmosphere alone can be 
used to create intimate spaces, such as the traditional 
Japanese Kotatsu, “a small heating unit placed under a 
table – designed to heat individual bodies rather than 
surrounding spaces.”10 Open fires, radiators, space 
heaters and even fans or water fountains can also 
generate such an effect.
3.3.e project 2 – visualising air, 
phase 2 (craft victoria gallery, 
september 2008)
A second performance at Craft Victoriaxiii explored 
the effect daily acts of habitation have on the interior 
atmosphere. This was staged during the closing event 
and dinner of the Urban Interior Occupation exhibition 
to make the most of the large group of guests, as their 
actions were to be an integral part of the exploration. 
One of the experiments involved visualizing air during 
cooking; steaming, pan-frying and deep-frying, with 
the cooked food later served to the audience. In this 
atmosphere, it was especially pertinent that we could 
not only smell the food during cooking and serving, 
but also observe the vapours carrying the smell as 
they traversed the air – a synaesthetic experience, 
heightened once we had tasted the food. This richly 
loaded atmosphere, stimulating many senses at once, 
revealed the importance of exploiting this type of 
perceptual synthesis conceptually when considering 
the design possibilities of interior atmospheres. It was 
interesting to note how fascinated people became 
in observing, exploring and then discussing the 
atmosphere in which they were immersed, raising the 
notion that the more we become aware of something 
the more meaning it may hold for us.
xiii Visualising Air, Phase 2 – Air, habitation and space. Craft 
Victoria Gallery, Melbourne 11 September 2008 (collaborators 
Malte Wagenfeld, Polly Watkins).
Fig. 3.37
Setting up the performance ‘Visualizing Air Phase 1’ at Craft Victoria Gallery, Melbourne, 2008.
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Fig. 3.38 (above)
The explorative 
performance 
‘Visualizing Air 
Phase 1’, part of 
‘Urban Interior 
Occupation’ at Craft 
Victoria Gallery, 
Melbourne, 2008.
Fig. 3.39 (far left)
The phenomena 
of spiralling air 
currents revealed 
as a performer, 
Isobel, walks 
through the laser 
light.   ‘Visualizing 
Air Phase 1’, part 
of ‘Urban Interior 
Occupation’ at Craft 
Victoria Gallery, 
Melbourne, 2008.
Fig. 3.42 (left)
Opposing 
interlocking spirals 
generated by two 
people walking 
past each other in 
opposite directions. 
‘Visualizing Air 
Phase 1’, ‘Urban 
Interior Occupation’ 
at Craft Victoria 
Gallery, Melbourne, 
2008.
Chapter 3
99.
Fig. 3.40
‘Visualizing Air Phase 1’, ‘Urban Interior Occupation’ at Craft Victoria Gallery, Melbourne, 2008.
Fig. 3.41
The atmosphere is luminesced across several perpendicular planes to visualise the startling impact 
a performer executing a cartwheel has on the surrounding air. Visualising Air Phase 1, Urban 
Interior Occupation, Craft Victoria Gallery, Melbourne, September 2008. Malte Wagenfeld, I. 
Hodges
Aesthetics of Air
100.
intricacy and transience of atmospheric phenomena, 
with less focus on gaining new insights.
Whilst previous explorations using laser and 
fog visualisation techniques were conducted and 
controlled by myself, often with the help of a team 
and over a relatively short time period, this installation 
had to be self-contained and operate seven hours a 
day, six days a week over a six week period. Such an 
endeavour presented new challenges, aside from the 
logistics of various technical and safety requirements, 
such as issues with the fog entering the gallery’s air-
conditioning system or setting off the smoke alarm, 
and the danger of the lasers causing eye damage; as 
a result, the scope of the exploration was relatively 
tightly controlled.
Because my lasers were only ever designed to run 
for a limited period, I chose to use an off-the-shelf 30 
mw green laser using a swivelling mirror to produce 
a sheet of light, as used in theatres and nightclubs. 
Regular bursts of fog were introduced from a dedicated 
fogger. Both the laser and fogger were controlled via a 
DMX (Digital Multiplex Protocol) computer interface. 
The laser was orientated to throw the plane of laser 
light – which is perpendicular to and approximately 400 
mm above the floor – towards a viewer situated behind 
an inclined 900mm barrier, which was designed to keep 
them at a distance of 6 metres. To prevent eye damage 
a hood was also placed over the laser in such a way that 
the viewer could never look directly into the laser. The 
fogger was placed just in front and inside of the barrier 
(not visible to the viewer) puffing small bursts of fog 
about every 3 seconds; a small 12 volt computer fan 
helped gently distribute the fog into the plane of laser 
light, measuring approximately three by six metres. 
Satin-black MDF boards were placed on the floor so 
that only the laser light and the desired visualized air 
were seen. All other items such as the barrier and hood 
were likewise painted satin black and all lights were 
turned off. To ensure that visitors on any given day 
would be able to observe such delicate atmospheric 
The notion of synaesthesia in relation to aesthetic 
encounters has some history, especially in early modern 
art. For example, Richard Wagner proposed the idea of 
a Gesamtkunstwerk (Total Work of Art) in which visual, 
auditory and other sensory elements were attuned in 
a single gestalt, whilst László Moholy-Nagy conceived 
of a ‘Theatre of Totality’ to synthesize the theatre’s 
essential components – space, composition, motion, 
sound, movement, and light – into a fully integrated, 
abstract form of artistic expression, and Wassily 
Kandinsky often cited the phenomenon of moving 
between and across sense modalities, for example 
making “connections between colour, forms, sounds 
and other sensory impressions”.11 There has also 
recently been a resurgence of interest in this notion – 
the Synaesthesia Festival at MONA in 2012 explored 
the oft sited connections between music and colour, 
whilst Smell Colour; Chemistry, Art and Pedagogy, an 
exhibition at the Arts Santa Monica in Barcelona in 
2001, investigated connections between art and smell. 
Likewise the work of artists such as Olafur Ellison, Anish 
Kapoor and Philippe Rahm all explore multi sensorial 
themes.
3.3.f project 2 – atmospheric 
complexity (rmit gallery, april / may 
2011)
In April 2011 I installed a laser and fog installation 
called ‘Atmospheric Complexity’ at a solo exhibition, 
‘Aesthetics of Air’, at the RMIT Gallery in Melbournexiv. 
Unlike two other exhibited installations – ‘Atmospheric 
Structure’ and ‘Atmospheric Sensitivity’ – which were 
new projects and will be discussed later in this chapter, 
the intention here was to present discoveries from 
previous explorations, particularly the complexity, 
xiv ‘Aesthetics of Air’, RMIT Gallery Melbourne, 14 April  - 28 
May 2011, Curated by Suzanne Davies & Vanessa Gerrans. 
Fig. 3.43
Images documenting a performance exploring the synesthetic experience of being able to see 
and smell the vapours generated by cooking and then later also tasting the food. Visualising Air 
Phase 2, Air, Habitation and Space, Craft Victoria Gallery, Urban Interior Occupation, Melbourne, 
September 2008. Malte Wagenfeld, P. Watkins.
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Fig. 3.44
‘Aesthetics of Air’, RMIT Gallery Melbourne, 14 April  - 28 May 2011.
Fig. 3.45.1
The installation ‘Atmospheric Complextiy’.  This image clearly shows the flickering lines produced 
by the lasers swivelling mirror mechanism, which differed from the lasers I built. ‘Aesthetics of Air’, 
RMIT Gallery Melbourne, 2011
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phenomena, I ensured that the air in this part of the 
gallery was very tightly controlled and consistent, with 
little vitiation.
Gallery visitors were encouraged to explore the 
atmospheric phenomena through observation and 
interaction – perhaps waving their hand in, or blowing 
at, the visualised atmosphere. Viewers appeared 
to be intrigued and lingered at the installation, and 
it certainly conveyed the intended insights into the 
behaviour of a relatively-still interior atmosphere, 
but the safety barrier limited the extent to which the 
audience could interact. As expected, I gained few 
new insights, because I had already observed the 
visualised phenomena elsewhere and also because of 
the tightly controlled atmosphere, which allowed for 
little variation or surprise. Originally I had intended to 
incorporate a tube or pipe into which viewers could 
blow and observe the startling effect of their breath, 
but the short lead-time for this exhibition did not allow 
me the time needed to experiment with this idea prior 
to the opening.
Unfortunately the off-the-shelf laser that was 
used for this installation produced a flickering light 
due to the mirrors swivelling back and forth rather 
than spinning. Otherwise, this installation had few 
technical issues, the only major problem being that the 
fogger could produce excess fog, which inhibited the 
visualization. This normally occurred in the first hour 
or so of its operation and it appeared that this was due 
to the fogger operating differently as it was warming 
up, and once it had settled into its regular operating 
temperature. This problem was fixed by turning on 
the fogger for 30 minutes or so before sending a DMX 
signal to the unit instructing it to produce the fog.
3.3.g project 2: designing the 
dynamic: flow visualisation (sial, 
rmit, november 2011)
In November 2011 I was invited to participate in 
the Designing the Dynamic research workshop and 
symposium. Using the complexities of sailboat design 
as a muse with which to investigate the dynamics of 
the urban built environment, Designing the Dynamic 
sought to explore new ways in using real-time 
performance feedback and virtual models for sailboat 
design optimisation. My contribution involved using 
the laser and fog visualisation technique to explore 
how wind moved around buildings and urban spaces, 
and in particular how different building shapes and 
configurations affected such air currents. PhD student 
Rafael Moya built a small wind tunnel, into which scale 
models of different building shapes and configurations 
were placed to observe the resultant airflow over and 
around these scale buildings and urban spaces.
Although this exploration did not contribute directly 
to my research question it was nonetheless particularly 
interesting to observe others using and experimenting 
with this technique while looking for different 
phenomena than I was. It was also encouraging to hear 
positive feedback, and even surprise at what they saw, 
expressed by professors in the School of Aeronautical 
Engineering. It was also interesting to note that my 
ability to observe phenomena had clearly been honed 
over the course of the many previous explorations 
and that familiar air flow patterns could once again 
be observed and, at least to a degree, predicted. For 
example, the propensity of air to be bent by, or cling to, 
surfaces, and the ever-present image of the vortex.
3.4 project 3: exploring air using 
ultrafine water vapour
A different technique to observe air movement 
was used in the next phase of investigations. I have 
long been fascinated by the effect central Melbourne’s 
characteristic Hoddle Grid of narrow half-chain widexv 
laneways has on the flow of air, which appears to 
be funnelled and herded, creating a microclimate 
quite separate to that found above the buildings. To 
explore this hypothesis I built a device with the aim of 
emulating the billowing clouds of steam observed in 
Manhattan, both for my own research and also to allow 
others to engage with this idea as part of an urban 
design festival.xvi
xv Approximately ten metres
xvi Urban [Di]Versions: ‘Vapour Jets’, State of Design 
(Melbourne, 16–27 September 2009).
Fig. 3.45.2 (opposite page)
A man interacting with the visualized air. 
‘Aesthetics of Air’, RMIT Gallery Melbourne, 
2011
Fig. 3.45.3 (opposite page)
A man interacting with the visualized air. 
‘Aesthetics of Air’, RMIT Gallery Melbourne, 
2011
Fig. 3.46.1 
Setting up the experiments. ‘Designing the 
Dynamic’. SIAL, DRI, RMIT University. 2011
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3.4.a project 3: state of design
Misters consisting of piezoelectric transducers were 
placed in a bath of water. The transducers use ceramic 
discs that expand slightly when an electric current is 
applied to them and then contract again when it is 
removed. They do this at ultrasonic frequencies and 
this ultrasonic oscillation (expansion and contraction) 
causes the water above the surface of the disk to 
vibrate and literally shakes the water into extremely 
fine water droplets, creating a dense cold fog or 
mistxvii. Electric fans were used to then force this fog 
horizontally through three parallel aluminium tubes 
into the external atmosphere. The three-jet device was 
an improvement on an earlier prototype that blew a 
single stream of fog vertically into the atmosphere. 
The intention behind using three horizontal jets was to 
reveal spatial differences in atmospheric air movement, 
as had been observed in the previous project; however 
the jets were perhaps too close together and the 
fog tended to dissipate before any such differences 
could be observed. However, the narrow lane and 
tall buildings also appeared to create a wind tunnel 
effect; and while revealing this wind tunnel effect 
was part of the original intent of this project, it most 
likely overpowered any such spatial phenomena. Also 
observed was a non-periodic fluctuation between 
relatively-still air, and clearly evidenced up and down 
drafts. However the amount of fog generated and 
the pressure at which it was forced into the external 
atmosphere was insufficient to recreate the grand 
atmospheric gestures observed in Manhattan. In this 
sense the investigation was only partially successful, 
but the technology could prove promising, if 
reconfigured.
xvii According to the Oxford dictionary a fog is denser then a 
mist and it is more accurate to describe the atmospheric effect 
these devices generate as a dense fog and not a mist: “fog 1 
[mass noun] a thick cloud of tiny water droplets suspended in 
the atmosphere at or near the earth’s surface which obscures or 
restricts visibility (to a greater extent than mist; strictly, reducing 
visibility to below 1 km)” http://oxforddictionaries.com/definition/
english/fog?q=fog, retrieved 09/01/2013.
Fig. 3.46.2 
Sequence showing how the air currents bend over, around and 
are forced down the leeward side of the building. Setting up 
the experiments. ‘Designing the Dynamic’. SIAL, DRI, RMIT 
University. 2011
Fig. 3.47
Map showing the location of the installation ‘Vapour Jets’ along 
a narrow lane way typical of central Melbourne. Urban [Di] 
Versions: SoD Festival. Melbourne 2009.
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Fig. 3.48
Experimenting with the device 
for the installation ‘Vapour 
Jets. Urban [Di] Versions: SoD 
Festival. Melbourne 2009.
Fig. 3.49
The installation ‘Vapour Jets’ in 
location at Craft Victoria Gallery. 
Urban [Di] Versions: SoD 
Festival. Melbourne 2009.
Fig. 3.50
Sequences of observed 
phenomena generated by 
the installation ‘Vapour Jets’ 
and images of corresponding 
phenomena from the Manhattan 
observation. Urban [Di] Versions: 
SoD Festival. Melbourne 2009.
Fig. 3.51
Located in a disused elevator 
shaft of Guilford Gallery, the 
installation Vapour Traces using 
piezoelectric transducers to 
produce an extremely fine 
fog with which to observe 
air currents. Urban Interior 
Occupation, Guildford Lane 
Gallery, Melbourne 2009.
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3.4.b project 3: ui occupation at 
guildford lane gallery
A remodelled device was constructed in which the 
piezoelectric transducers were placed in an open bath.  
Built as part of subsequent exhibition this device was 
sited in an old disused elevator shaft next to the front 
door of the gallery. The dense cloud of fine fog would 
respond eerily to any activity in its vicinity, such as the 
opening of a door or the movement of people or air 
currents within the gallery. The staff working at the 
gallery came to refer to the fog as ‘the creature’, as it 
would mysteriously heave within its vessel or escape 
and venture into the gallery. What the device revealed 
regarding the behaviour of air currents, especially 
those generated by the movement of people, was 
astonishing. One particularly interesting observation 
was how the fog would appear to stick to people’s 
clothes or skin as they moved past it, or to hands as 
they manipulated it. The fog, of course, had no such 
particular qualities – it simply acted as a means to make 
visible the behaviours of air of which we are otherwise 
unaware. Again, as observed previously, distinguishable 
patterns predominated, and these could – with 
some practice – be reproduced, such as the familiar 
‘mushroom’ cloud of a dipolar vortex ring.
3.4.c project 3: windows (south 
yarra, 2009)
The ability to track air currents with such 
extraordinary sensitivity made the fine fog generated 
by this device the ideal medium to explore how 
air currents flow into, out of, and through interior 
spaces; in particular, how the opening and closing of 
windows and doors affected the dynamics of interior 
atmosphere. The following sets of investigations were 
conducted in a number of different domestic interiors. 
In the first investigation, the device was placed near a 
slightly open bay window of a third-floor apartment. I 
was surprised to observe the propensity of air to flow 
out of the window. This observation challenged my 
initial assumption, based on the comparative vastness 
of the exterior relative to the interior, that the flow of 
air would predominately be from the outside–in; the 
evidence, however, showed a much more dynamic 
relationship. When a second bay-window was opened, 
a more dynamic cross-breeze was evidenced, with the 
air now moving in and out of the window with more 
equal, though still unpredictable, measure. Yet the 
tendency for the air to flow out of the interior rather 
than into it persisted. A study of the immediate urban 
surroundings may help to explain this observation. 
Breezes, tunnelled between two parallel blocks of 
buildings, would perceivably entrain interior air into 
their dominant slipstream. Even though this exploration 
was rather limited, consisting of just one device placed 
at a window, it revealed some critical insights. Most 
important of these was the realisation that when we 
open a window we have very little understanding of 
how the air will behave – whether it will flow in or 
out, or perhaps not move at all, and how the possible 
effects will make us feel.
With rather straightforward special layouts, 
such as a studio apartment or loft, we may – with 
experience – be able to predict with some degree 
of accuracy how air will move through a space 
when we open windows and doors. For example, 
if a door is open at one end of a loft and then a 
second door or window is opened at the other 
end, this is likely to cause a cross breeze and an 
internal door through which the breeze flows 
may slam shut. While it would be difficult, if not 
impossible, to predict in which direction this 
breeze will move and with how much force, this 
cross breeze could be modulated by adjusting 
the opening of the window and or doors – 
especially if they are sliding doors. However, with 
more complex spaces such as a house or larger 
apartment, it becomes increasing difficult to 
predict and modulate the flow of air through a 
given space.
Fig. 3.52
The fog would appear to stick to people’s clothes or skin as they moved past it, or to hands as 
they manipulated it.  With practice it is possible to generate structured atmospheric patterns such 
as these dipolar vortices – or mushroom clouds  ‘Vapour Traces’, Urban Interior Occupation, 
Guildford Lane Gallery, Melbourne 2009.
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Fig. 3.53
The location of the experiment 
in a third floor apartment in 
South Yarra, Melbourne. 2009.
Fig. 3.54
The setup of the experiment to observe air movement through windows.  South Yarra, Melbourne, 
October 2009. Malte Wagenfeld, P. Watkins
Fig. 3.55
Fog produced by piezoelectric transducers was used to observe the movement of air through 
windows and internal spaces. A propensity was observed for air to flow out and not in through the 
window. South Yarra, Melbourne, October 2009. Malte Wagenfeld, P. Watkins.
Fig. 3.56
Sequence revealing the dynamic movement of air through a window. South Yarra, Melbourne, 
October 2009. Malte Wagenfeld, P. Watkins.
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3.4.d project 3: windows (port 
melbourne, 2009
To explore this idea further a series of experiments 
were conducted in a number of different interior 
spaces and locations. The first was undertaken in a 
typical single-storey Late Victorian–era terrace in Port 
Melbournexviii. This house featured a fairly linear layout, 
with a long corridor running into a larger open plan 
space at the back of the house. Two bedrooms were 
located off the corridor. It was observed how the air 
in the smaller bedroom, which only had one window 
that opened to a long, narrow, light air corridor, would 
barely move in or out of the fully opened window until 
the bedroom door was opened. Presumably the air 
corridor offered little air circulation until opening the 
bedroom door generated a cross-breeze. Likewise, 
xviii October 2009, 108 Stokes Street, Port Melbourne
opening further doors and windows would consistently 
alter the pattern and character of airflow; this was 
explored at length in various locations throughout 
the house. Here I was also able to reflect on the 
clever use of internal louvers located above bedroom 
doors to help circulation; these were often found in 
Queenslander style houses, as discussed in the previous 
chapter.
Fig. 3.57
The location of the next experiment observing air flow through a buildings interior. Port 
Melbourne, 2009.  Malte Wagenfeld, P. Watkins.
Fig. 3.58 (below, left)
Air would barely move in or out 
of the fully opened window until 
the bedroom door was opened.  
Port Melbourne, 2009.  Malte 
Wagenfeld, P. Watkins.
Fig. 3.59 (below, right)
Opening the bedroom door 
resulted in a strong draft to be 
observed.  Port Melbourne, 
2009.  Malte Wagenfeld, P. 
Watkins.
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3.4.c project 3: windows 
(thornbury, 2010)
A series of three more specialised fog devices 
were constructed to observe airflow with greater 
accuracy. The devices were placed at strategic locations 
throughout a medium-sized house.xix A separate video 
camera was placed near each device to record the 
behaviour of the fog and a clapperboard was used to 
synchronise each of the three simultaneous recordings. 
Windows and doors were systematically opened and 
closed to observe how this affected or altered the 
airflow through the house. It was concluded that the 
flow of air in and out of windows, through doors and 
along the house corridors, is very difficult to predict 
and will change each time a door or window is opened 
or adjusted – even slightly – in a different part of 
the house. The ability to open and close windows, 
as well as draw drapes, blinds and curtains, allows 
xix A typical circa 1920s Californian bungalow.
us to modulate and play with the interior–exterior 
relationship. I noted that with the Thornbury house, 
opening a door or window will often result in another 
door slamming shut; this may in part have been due to 
the internal layout of the house and in part due to its 
location and orientation. But the result of opening a 
window, with the intent of letting in a refreshing breeze 
or expelling stale air, is by no means as predictable 
as the effect that opening or closing blinds has on 
admitting or impeding daylight. 
These investigations were intended only as a 
preliminary probe – looking at how air circulates 
through interiors, in particular how it flows in and out 
of windows – and were never meant to be conclusive, 
but they did highlight the complex dynamics of airflow 
within the domestic interior and in particular pointed 
to the window as a possible future site for a more 
thorough design investigation.
Fig. 3.60 (opposite page)
Sequence of air flow through the window of 
the small room.  Port Melbourne, 2009.  Malte 
Wagenfeld, P. Watkins.
Fig. 3.61 (opposite page)
Sequence of more vigorous air flow through the 
French doors in the centre of the house.  Port 
Melbourne, 2009.  Malte Wagenfeld, P. Watkins.
Fig. 3.62
The three more dedicated devices to observe airflow through a 
house. Thornbury, Melbourne, 2010
Fig. 3.63
Diagram of the planed experiments revealing the complexity of 
airflow through a number of interconnected spaces.
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3.4.f project 3: atmospheric 
sensitivity (rmit gallery, 2011)
The opportunity to build a much more elaborate 
version of the fog device with which to observe air 
currents presented itself when I was invited to develop 
an exhibition for RMIT Gallery in 2011.xx The installation 
Atmospheric Sensitivity consisted of a long narrow shelf 
(2.4 by 0.3 metres) with a small rim that contained a 
shallow sea of the fine, dense fog. The shelf, mounted 
at waist height, was fixed to a wall with a thin slit just 
above it through which the fog appeared. The wall 
was located diagonally near the middle of the large 
galleryxxi space, and had an enclosure behind it, hidden 
from view, to house the machinery required for the 
installation. Inside, four large rectangular plastic tubs 
filled with water were mounted just below the slit. In 
these tubs floated twenty (three-disk) misters, five per 
tub. Three small computer fans mounted above the 
bath exerted a slight positive pressure to gently induce 
the fog through the thin slit and onto the shelf. 
The objective was to allow gallery visitors to 
discover and explore the extraordinary sensitivity and 
sensuous complexity of these amorphous phenomena 
and to document their responses as part of my 
research. The audience was encouraged to interact 
with the fog by blowing, waving, walking past and so 
on, to observe the effect their actions had or just study 
how the fog reacts to and reveals otherwise intangible 
air currents within the gallery. In this the exhibit was 
very successful. People appeared mesmerised by the 
dynamics of the fog and would study it at length. But 
something else, entirely unexpected, was also revealed. 
The form the fog took – its appearance and behaviour 
– was itself highly dynamic. Sometimes the fog was 
almost entirely motionless, forming a virtually mirror-
still lake on the surface of the shelf. At other times 
its form would resemble a rolling cloud-front or the 
rhythmic waves of a surf beach. The most perplexing 
observation was that, at times, the fog would be 
observed to roll off the edge of the shelf and then, soon 
after, be seen rising upwards, seemingly climbing the 
walls of the installation. Sometimes it would altogether 
refuse to appear through the narrow slit, leaving the 
shelf almost entirely exposed. This mercurial behaviour 
of the fog led to the suspicion that an internal weather 
system was at play within the gallery. 
Technical Issues: Scaled down versions of this 
installation proved very effective, producing an 
abundance of fog on the self, but for some reason the 
xx Aesthetics of Air (RMIT Gallery, Melbourne, 14 April – 28 
May 2011).
xxi RMIT Gallery 1, approximately 15 x 11 meters
full-scale version did not reliably produce the same 
effect even though it had proportionately more misters 
producing larger quantities of fog. Although the gallery 
installation produced ample amounts of fog, the fog 
often remained within the confines of the enclosure; 
only a relatively small amount was visible on the shelf.  
However if one blew at the fog, or moved rapidly 
near it, large quantities would emerge through the 
slit creating a dramatic effect. Subsequent tests and 
experiments with the scale version could not repeat 
nor explain this phenomenon (that is, why most of the 
fog would not emerge). Finally a 50 mm diameter hole 
was made on top of the enclosure and a small 12 volt 
computer fan was used to blow air into the enclosure 
forcing the fog out through the slit. My concern with 
this method was that the fog was intended to reveal 
the air movement in the gallery and not have its own 
momentum. The amount of air movement produced by 
the fan was modulated by reducing its aperture, with 
the aim of allowing enough thrust to force the fog out 
but creating no more than minimal movement once on 
the shelf. Three additional misters were also added to 
the seventeen that were initially installed.
Observations: With the scale model I observed 
surf-wave like formations of fog moving along the 
shelf, and the much larger installation at the gallery 
revealed these most surprising phenomena much more 
clearly – it appeared as though the waves amplified 
each other. This was an unexpected phenomenon, 
as I had never imagined that air moved in wave-like 
formations. But if water does then why not air? This 
topic deserves further investigation to ascertain how 
air movement creates wave-like formations. Wave-like 
patterns had also been observed on the façade of Ned 
Kahn’s Turbulent Line (2012) wind sculpture, and careful 
observation of how leaves on a tree behave in a breeze 
reveals they vibrate; I had assumed that this was due to 
the tensile spring in the branches that hold the leaves, 
but wave motion may also explain these vibrations.
Analogies with surf and water were not limited to 
the phenomenon of waves, with numerous further 
observations of familiar forms, but the spinning vortex 
was certainly the predominant pattern – evidenced 
by virtually any interaction. It appears as though 
laminar flow in air is highly unusual. Blowing, for 
example, produces not laminar flow, but spinning locks 
of vortices that travel in a general linear direction. 
Another easily explained but yet surprising observation 
was the time delay that existed between making a 
gesture such as waving or blowing and the visible effect 
this has on the fog. The intuitive expectation was for 
the fog to respond almost immediately, but of course 
the generated air-movement, traveling at perhaps1m/s 
needs time to first reach the fog. 
Fig. 3.64
Visitors observing and interacting with the fine fog produced by the installation Atmospheric 
Sensitivity.  Aesthetics of Air, RMIT Gallery, April – May 2011
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Fig. 3.65.1
Visitors observing and interacting with the fine fog produced by the installation Atmospheric 
Sensitivity.  Aesthetics of Air, RMIT Gallery, April – May 2011
Fig. 3.65.2
A boy observes the phenomena revealed by the fine fog produced by the installation Atmospheric 
Sensitivity.  Aesthetics of Air, RMIT Gallery, April – May 2011
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Fig. 3.65.3
A man blows at the fine fog produced by the installation Atmospheric Sensitivity.  Aesthetics of Air, 
RMIT Gallery, April – May 2011
Fig. 3.65.4
Architect Juhani Pallasmaa and myself interacting with the fog. Atmospheric Sensitivity.  Aesthetics 
of Air, RMIT Gallery, April – May 2011
Fig. 3.65.6
Artist Richard Dunn explores the phenomena produced by the installation Atmospheric Sensitivity.  
Aesthetics of Air, RMIT Gallery, April – May 2011
Fig. 3.65.5
A woman observes the phenomena revealed by the fine fog produced by the installation Atmospheric 
Sensitivity.  Aesthetics of Air, RMIT Gallery, April – May 2011
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Fig. 3.66.1
As the outside weather changed so did the fog inside the gallery. Here the fog can be seen 
assuming patterns that resemble tidal waves. Atmospheric Sensitivity, Aesthetics of Air, RMIT 
Gallery, April – May 2011
Fig. 3.66.2
One of the many states of formation the fog often assumed. Atmospheric Sensitivity, Aesthetics of 
Air, RMIT Gallery, April – May 2011
Fig. 3.66.3
The onset of a low-pressure weather system, which is associated with cloud cover and rain, was 
observed to cause the fog to become quite active and rise upwards. Atmospheric Sensitivity, 
Aesthetics of Air, RMIT Gallery, April – May 2011
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Fig. 3.67
Images capturing the dramatic effect of fog responding to 
atmospheric phenomena; presumably caused by a low-pressure 
weather system. Atmospheric Sensitivity, Aesthetics of Air, RMIT 
Gallery, April – May 2011
Fig. 3.68
Waves produces by breezes clearly evident on the surface of 
Ned Kahn’s kinetic façade Turbulent Line, Even though each 
aluminium leaf is independently hinged. (2012). Brisbane, QLD. 
Australia.
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3.5 project 4: generating 
atmospheric phenomena 
(vortex rings)
I first began exploring vortex rings (also sometimes 
referred to as toroidal vortices) at the early stages 
of this research project in late 2006, as a possible 
method of delivering a highly directed and discreet 
parcel of air movement. I toyed with the possibility of 
being able to deliver a personalised breeze. An article 
discussing the potential of using vortex rings as a drive 
for small underwater vehicles12 and the related work of 
Kamran Mohseni13 outlining the optimised geometry 
for producing a self-propelling vortex ring, inspired 
me to build a test rig for producing vortex rings. The 
first device consisted of a PVC tube, its length four 
times its diameter, into which smoke was injected with 
which to visualise the vortex. A timber plunger was 
used to push the air out of the tube, initially I used 
large elastic bands to drive the plunger, but in the end 
it proved more effective to push the plunger by hand. 
Experimenting with different stroke speeds I discovered 
that increasing the stroke velocity in a roughly 
exponential manner produced the best results. With 
practise I was able to consistently produce perfectly 
formed vortex rings.
However, even though the structure of a vortex ring 
is particularly robust due to the stabilizing influence of 
the vortex’s internal spinning motion, which propels it 
through the air, I soon discovered that these relatively 
slow moving vortices were highly susceptible to air 
currents and other atmospheric phenomena pushing 
them off course. This negated the idea of being able to 
accurately deliver a vortex ring towards a given target 
within a defined space. Furthermore, to generate more 
vigorous vortex rings required a shockwave of air that 
proved rather noisy. I also decided that, at this stage of 
my research, I needed to focus on exploring the nature 
of atmospheric phenomena as opposed to generating 
such phenomena. Consequently I made the decision 
to postpone any further experiments with vortex 
rings until later in the project. The idea, however, kept 
simmering in the back of my mind.
Fig. 3.69
Notation and sketch noting  Kamran Mohseni’s formula for 
generating vortex rings. 2006.
Fig. 3.70
Drawing depicting the imagined effect of using vortex rings to 
deliver personalised breezes. 2006
Fig. 3.71
Sequence showing the progression of a vortex ring produced by my first device. 2006 
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3.4.a project 4: atmospheric 
structure (rmit gallery, may 2011)
It was not until 2011 that I again explored vortex 
rings, this time for the installation Atmospheric 
Structure as part of the exhibition Aesthetics of Air. As 
my previous device was hand operated and required a 
well-honed manual action to successfully form vortex 
rings, my main challenge was how to automate this 
procedure in such a way that well formed vortices 
could be reliably generated at regular intervals over 
a period of six weeks. Initially I investigated the 
use of commercially available computer controlled 
electric linear drives to power the plunger, but at 
over $10,000 their cost proved prohibitive. I realised 
that I would have to design and construct the drive 
and control-mechanism myself. My first experiments 
used mechanical drive-mechanisms such scotch-
yoke cranks, which produce an elegant exponential 
acceleration curve. Although the scotch-yoke was an 
intriguing device and very rewarding to build it did 
not successfully generate the required result. Through 
my friend Anthony Kitchener, a successful pneumatic 
engineer and inventor, I got in touch with the artist and 
engineer Alistair Knoxxxii. Alistair Knox sketched out a 
possible design for a pneumatic actuator drive unit that 
could be electronically controlled and speed modulated 
using a three-port valve interfaced with a DMXxxiii digital 
relay and programmable control desk. The pneumatic 
and automation componentry were purchased from 
the Japanese specialist supplier SMC, typically servicing 
the manufacturing industry for process automation. 
Further componentry was acquired from various other 
specialist suppliers. After much experimentation and 
trials I managed to successfully refine the design and 
xxii Alistair Knox runs a small business building devices and 
mechanisms for artists including Callum Morton. Knox is also a 
sculptor.
xxiii DMX 512 is a standardized digital communication 
protocol typically used for controlling and programming stage 
lighting and special effects.
process for producing vortex rings. The DMX interfaced 
microcontroller controlled both the electronically 
activated pneumatic valve and a fog machine. The 
vortex ring was shot from a 400mm-long transparent 
acrylic tube. The tube was primed with a short burst 
of fog, and then seconds later with a longer burst of 
fog, moments before the air valve opened to fire the 
plunger – connected to the pneumatic actuator – down 
the length of the tube, forcing the fog-laden air out 
of the tube. The geometry of the tube and plunger 
and the fine-tuned accelerative force of the actuator 
would ensure that the fog would consistently form 
into a perfect vortex ring. The apparatus was precisely 
adjusted to produce an identical vortex at exact time 
intervals; it did this successfully more than 14,200 times 
over the course of the exhibition.
As previously discussed, the installation, 
Atmospheric Structure, was set up in a gallery space 
adjoining the installation Atmospheric Complexity. The 
air-conditioning within that gallery space (Gallery 4) 
was shut off so that the trajectory of the vortex rings 
would not be disturbed; a low false-ceiling of shade 
cloth was installed to further dampen any ambient 
air movement; and the gallery was painted black to 
minimise light levels. The transparent acrylic tube 
(100mm in diameter) through which, every sixty 
seconds, a vortex ring was shot, could just be seen to 
protrude from the centre of the far end wall of the 
long narrow darkened gallery space. Behind the back 
wall of the gallery I installed the necessary apparatus 
to generate these vortices. The high-pressured air 
required for the pneumatic actuator was supplied 
through an air hose connected to an air compressor 
housed some 20 metres away in a soundproofed room.
Photographic documentation capturing the vortex 
from the side at the instant it exited the tube confirmed 
that the vortex formed a virtually identical pattern 
every time; but while great lengths were taken to 
control the atmosphere within the gallery, the vortex’s 
trajectory and how far it travelled – at what speed, 
how long it remained before dissipating and the size 
it assumed – would vary almost every time. One 
vortex would travel up to the left while the next vortex 
would sink down to the right. Sometimes a brilliantly 
formed vortex would lethargically linger within the 
gallery, expanding into an elegantly thin ring, while at 
other times smaller and fatter vortices would propel 
themselves energetically through the gallery.
At times, to my acute frustration, the vortices would 
dissipate almost immediately. Whenever this occurred, 
I would start inspecting the apparatus, experimenting 
with the mixture of air and fog, adjusting the density of 
the fog, the atmospheric pressure of the air from the 
compressor, the force of the actuator and so on, but to 
little avail. When I returned a little later I would once 
again see perfectly formed vortices floating ethereally 
through the gallery and I realised that something else 
was at play. I began to make connections between 
Fig. 3.72
Early unsuccessful attempt at using a scotch-yoke crank to 
generate the vortex ring. It became clear that a much more 
sophisticated device would need to be built. 2011.
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outside weather and atmospheric phenomena within 
the gallery. Just before a rainstorm, for example, the 
vortices would misbehave and the appearance of the 
fog floating on the shelfxxiv would change dramatically 
– the movement of fog would become much more 
energetic and it would tend to rise upwards, often 
very noticeably, at times leaving the shelf almost 
completely bare. This was clearly further evidence 
of an unexpected internal weather system. Although 
the gallery is hermetically sealed and the interior 
xxiv Atmospheric Sensitivity.
atmosphere (moisture and temperature) controlled by 
a sophisticated air-conditioning system, seemingly the 
external weather system still had a discernible impact 
on the ‘interior weather’. The most notable impact, 
I presumed, was the effect of atmospheric pressure 
systems – for example, low atmospheric pressure is 
associated with cloud cover, moist air or rain, while high 
pressure generally brings clear skies and dry air. Here I 
can again cite Persian vernacular architecture, and the 
ingenious use it makes of such mutable weather and 
pressure systems, as a complex reflexive method for 
modulating the interior atmosphere. 
Fig. 3.73
The pattern the vortices formed 
at the instant they exited the 
device was observed to be 
highly consistent. [Atmospheric 
Structure, Aesthetics of Air, RMIT 
Gallery, April – May 2011.]
Fig. 3.74
Visitors observing a vortex as it moves through the gallery space. Atmospheric Structure, Aesthetics 
of Air, RMIT Gallery, April – May 2011.
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Fig. 3.75
Once a vortex exited the device, emergent atmospheric phenomena would cause it to assume 
a unique form and trajectory each time. Here we see a well-formed vortex tending downward 
towards the centre of the gallery space. Atmospheric Structure, Aesthetics of Air, RMIT Gallery, 
April – May 2011.
Fig. 3.76
A smaller, rapidly rising, vortex moving towards the left. Atmospheric Structure, Aesthetics of Air, 
RMIT Gallery, April – May 2011.
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Fig. 3.77
Image capturing a large well-formed vortex moving at a very leisurely pace toward the centre of 
the gallery; after this moment it almost came to a halt and hung in the air for an extended period 
before dissipating. Atmospheric Structure, Aesthetics of Air, RMIT Gallery, April – May 2011.
Fig. 3.78
A vortex captured as it moves towards the bottom left corner of the gallery. This vortex appeared to 
be ‘sucked into’ one of the spotlights sitting on the floor of the gallery, a phenomenon presumably 
related to the heat generated by the high-wattage light. [Atmospheric Structure, Aesthetics of Air, 
RMIT Gallery, April – May 2011.]
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3.6 project 5: amorphous peripheries 
– scent, space and atmosphere
To experience atmosphere is to experience volume, 
but unlike air, which fills every void, smell traverses 
space in a most curious way, as an amorphous cloud 
without any district boundaries. We cannot say where 
a scent begins nor ends; its experience is almost 
entirely peripheral. We catch it here and there and it 
comes to us gradually. Carried by air, smell can find 
its way through the slightest cracks and openings; it 
can turn corners and move in multiple directions; it 
can linger lethargically and lie dormant waiting to be 
awoken like the scent that is released when opening 
an old book; but as with dreams, memories of smells 
are often at best vague – we have few tools with which 
to intellectually process smell. As Tina DiCarlo states 
whilst interviewing the smell-artist Sissel Tolaas, “Scent 
reveals an unexplored layer of existence, permits us to 
tell alternative narratives [yet] we are almost language-
less to understand smells, defenceless to resist them”14. 
Tolaas states that we generally just use two words to 
describe smell: “good or bad”15. Yet smell enters our 
subconscious and can unlock long forgotten memories. 
Smell can come to define a moment, an act, a presence, 
a person, a thing, or a space. Is it even possible to 
explore interior atmosphere without an investigation 
into smell?
As with so many atmospheric phenomena – the 
perceptual experience of night air for example – smell 
is virtually impossible to adequately describe in any 
detail. We may describe the smell of a rose as sweet, 
delicate and floral, but those words could be attributed 
to any number of things. And yet we have no problem 
recognising the smell of a rose, and a trained nose 
will not confuse the smell of a rose with the smell 
of a carnation, just as a trained eye will not confuse 
the drawing of a rose with that of a carnation. But 
we cannot draw smell, cannot notate it. Even though 
chemists can chart the many molecules responsible 
for the smell of a rose, to date no one knows “how our 
nose reads them.”16 More importantly the process is 
not reversible. A chemist may be able to analyse the 
molecules responsible for a certain smell, but when 
making a new molecule there is no telling how it will 
smell. In the words of the renowned biophysicist Luca 
Turin: “Every time it is an absolute mystery what each 
molecule is going to smell like.” That is why when Turin 
pondered the idea of mapping smell he considered 
using a Kohonen self-organising word-association 
map to classify and organise smells (i.e. how we 
perceive a smell, what connotations it engenders 
and how it makes us feel) instead of classifying them 
according to their molecular structure. Two very 
similar molecules will most likely smell completely 
differently17, let alone how their differing smells may 
effect us psychosomatically. Thus an exploration into 
smell is best undertaken, once again, as a perceptual 
exploration investigating ‘the things themselves’.
Fig. 3.79 (opposite page)
A connection was presumed 
between the internal and 
external atmospheric 
phenomena. Here, on a wet and 
rainy morning, highly excited 
fog rises upwards. Atmospheric 
Sensitivity, Aesthetics of Air, 
RMIT Gallery, April – May 2011.
Fig. 3.80
The smell artist and scientist Sissel Tolass in her studio. Her smell 
library can be seen behind her. 
3.6.a project 5: crafty smells: the 
smell of craft and crafting practice
My first exploration of olfactory perception and 
atmosphere was undertaken at the Craft Victoria 
Galleries in late 2008 as part of Urban Interior 
Occupation and consisted of two projects, The Smell of 
Craft and Crafting Practice and Outside-in Smells.
The idea behind these smell-related projects 
originated with the observation of how the studio 
spaces of craft practitioners, as well as the crafted 
objects themselves, typically had a particular group 
of smells associated with them and the perceived 
connection between craft, craft practice and 
atmosphere formed the basis for ‘The Smell of Craft 
and Crafting Practice’. Likewise, I also wanted to 
explore how walking through the city, before entering 
an interior, involved passing through a rich landscape 
of smells, which created an ever-changing olfactory 
encounter with the urban environment; this notion 
formed the basis for the second exploration, Outside-in 
Smells.
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This research investigation began by talking to 
craftspeople about the associations they made with 
smell, their craft and their studio practice. Although 
practitioners from each category of craft practice 
described a strong relationship between smell and their 
craft, especially with the specific processes involved, 
not every craft category lent itself to this exercise. For 
example a glassblower, Maureen Williams, spoke of the 
smells associated with firing the furnace, of burning 
smells, wet newspaper and other ‘indescribable’ 
smells, and although these smells created an evocative 
scent environment within the studio, they were not 
in themselves distinct enough to communicate the 
intended ideas in an installation context. I thus focused 
on four crafts that generated a very characteristic scent-
scape: shoemaking, textiles and weaving, jewellery, 
and cabinetmaking. Through visits to a practitioner 
of each of these crafts I was able to collect a diverse 
set of scents, which I then pared down to five distinct 
scents that encapsulated both the materiality of each 
craft (the finished object) as well the studio process of 
making, twenty-five scents in all.xxv
xxv A brief profile and discussion of the four craftspeople I 
visited can be found in Appendix.
The scents were captured by placing material 
samples (many of which were provided by the craft 
practitioners) into separate timber or metal containers. 
My selection criteria were that materials had both a 
reasonably strong scent, which the majority of people 
would be able to detect, and also the ability to retain 
their smell for the duration of the installation. The 
scents of each craft were then curated to contrast with 
each other and also placed in a sequence, so that when 
smelled together, the distinct scent scape of each craft 
could be experienced.
The logic of using the material itself, and not 
a distilled scent extract or synthesised scent, as is 
commonly used in the fragrance and perfume industry, 
was owing to the immediacy this offered as well as 
Fig. 3.81
The entrance to Urban Interior Occupation. Urban Interior 
Group. Craft Victoria Gallery, Melbourne 2008.
Fig. 3.82
The long narrow corridor where the installation was housed was 
later darkened so that visitors could focus on the smells.  Urban 
Interior Occupation. Urban Interior Group. Craft Victoria Gallery, 
Melbourne 2008.
Fig. 3.83
The installation under construction. Tom Puglisi and Malte 
Wagenfeld. 2008.
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the more complex scent-environment it generated. As 
Luca Turin states, “We have a nose as well as an ear for 
complexity.”18 Turin argues that ‘natural materials’ smell 
more ‘rich and complex’. It is possible, for example, to 
get a synthesised leather scent, but whilst speaking to 
shoemaker Brendan Dwyer he pulled out numerous 
samples of leather noting the unique aroma of each 
piece. This, he explained, had to do with the type of 
animal and hide, the tanning process, the dyes used 
and so on.
The installation was housed in one of the Craft 
Victoria gallery storerooms, which I emptied for this 
exhibition. I sealed off the ceiling and walls so that I 
could control the lighting and acoustics and created a 
long, dark, almost claustrophobic corridor-like space, 
with subdued acoustics. My intention was to simulate 
the olfactory environment of each craft practitioner by 
compelling visitors to use smell as the primary sense 
with which to explore the installation, and allowing the 
scents to be the dominant atmospheric experience.
Along the right-hand wall of the corridor a series 
of shelves held the containers housing the twenty-five 
separate smells that were grouped into four different 
crafts – carpentry, textile and weaving, shoemaking, 
and gold and silversmithing. Small puffers – normally 
used to blow dust off camera lenses and reflex mirrors 
– were provided so that the visitor could gently aerate 
the scent within the container and puff it towards 
their nose. A container of coffee beans for visitors to 
smell separated the scent-scapes of each craft; this 
is a common practice used by perfumers to cleanse 
their scent palate. Importantly, as part of limiting the 
sense of vision, the materials exuding scents were not 
identified prior to the smell experience. While the 
majority of visitors stated that they could smell most 
or all of the scents, they were often unable to correctly 
identify which scent they smelled where; for example 
one visitor believed the coffee beans to be rubber. 
Intriguingly visitors often recalled strong associations 
with the smells they encountered, citing places and 
events from their past even though in most cases they 
could not identify the source material.
Assembling smells associated with gold and silver-
smithing was challenging, given metals do not generally 
emit distinct scents unless they are being worked. Thus 
I focussed on the smell of flux from soldering, polishing 
compounds and emery cloth; however, the chemical 
reaction between sweat and some metals can produce 
a distinct odour too, so visitors were instructed to rub 
a piece of unidentified and unseen metal (brass) in 
their hand for half a minute or so and then smell it. The 
smell exuded often caused surprise, as the perplexed 
visitor would recognise the smell as familiar, but could 
not name it. One particular visitor, a man in his sixties, 
commented that while he couldn’t identify the smell, 
it reminded him of riding on the tram to school when 
he was a boy. He had not thought of the experience 
since, but the smell aroused a distinct memory of this 
long forgotten event. Melbourne’s old tramcars had 
brass handrails and after holding on to them for some 
time, they left quite a pungent smell on your hands. 
Fig. 3.84
A visitor exploring the smells. 2008
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This connection between smell and spatial memory is 
well established and was reinforced by visitors time and 
again. 
Another, even more unexpected, observation was 
that whilst all visitors tended to respond favourably 
to the fresher ‘citrusy’ scents such as the camphor 
laurel and tung oil, when it came to the darker, musty, 
‘animalistic’ smells, such as those produced by the 
raw fleece and Queensland Walnut, about half the 
visitors would find such smells quite repugnant, whilst 
the other half could not stop burying their noses in 
them. I had not expected such extreme reactions, 
both negative and positive, or the distinct division 
in preferences, but the people who liked the musty 
smells, showed an explorative fascination with all the 
scents, consistent with Sissel Tolass’ dictum that ‘in 
general, for me there are no bad or good smells; there 
are only interesting smells.’19 This idea of going beyond 
good or bad is important, but what does ‘interesting’ 
here mean? It means something stimulates you, you 
become aware of it, and it affects you somehow.
3.6.b project 5: crafty smells: 
outside-in smells
The connection between smell and space was 
further explored in ‘Outside-In Smells’ in which 
visitors were invited to consider the importance of 
air and smell in their everyday experience of the 
urban environment. This installation was part of a 
work undertaken in conjunction with designer Rochus 
Hinkel, musician and sound artist Michael Fowler and 
projection artist Ian de Gruchy. The gallery had been 
darkened and windows blacked out, on two of the 
gallery’s three walls slide images and a pre-recorded 
video of the outside streetscape were projected, along 
with real-time sound. Along the third wall I assembled 
a series of smells that captured or simulated the types 
of smells encountered in the lane near the gallery 
and from the immediate surrounds. Placing visual, 
auditory and olfactory stimuli relating to the immediate 
exterior urban environment within an interior space 
generated a form of acute spatial dislocation. Although 
visitors remained aware of the fact that they were in 
an interior environment, they became quite fascinated 
in observing and exploring the perceptual qualities of 
the exterior environment, to which they had likely paid 
little attention moments earlier when entering the 
gallery.
Routine activities and thoughts, and interruptions 
from phones, texts, and other people can drown out 
our perceptual experience of the environments in 
which we find ourselves. Our senses are more often 
used to navigate and to accomplish tasks rather 
than as a singular act of perception in and of itself. 
Typically when we are travelling, or even just when we 
break with our usual routine, we have a heightened 
experience of place and tend to notice things and 
events that would otherwise pass unnoticed. The 
gallery was set up as such a space, a space set aside for 
observing, noticing, reflecting and investigating.
Visitors were curious as to what types of smells 
were assembled, how they were captured and 
presented, where they originated from and importantly 
how they smelt; their responses of surprise and 
enjoyment also indicated that they were fascinated by 
the act of exploring an olfactory environment they may 
be familiar with, yet do not regularly notice or consider. 
As an installation within a gallery space, the smells 
were no longer incidental but became the centre of 
attention, and smelling the primary perceptive act.
Like people, cities often have a characteristic 
scent, and in different parts of the city there are 
different smells to be encountered. My intention 
was to map the scents characteristic of the 
south-east corner of central Melbourne, a corner 
now associated with upmarket offices, law firms, 
doctors surgeries, fashion boutiques and five-star 
hotels, as well as art galleries (including Craft 
Victoria), artist studios and fashionable cafes, 
restaurants and eateries. This area once housed 
Melbourne’s rag trade, but these industries are 
long gone. Walking up and down the streets 
and laneways with the specific intent of finding 
archetypal scents that in themselves suggested 
the character of the area, I privileged a layer of 
the city often experienced more as background 
or peripheral to the many visual and auditory 
distractions. Scents not only spill from the interiors 
but are also part of the urban streetscape. The 
smell of diesel fumes from the trucks entering 
and exiting the underground loading bays of the 
large office towers and hotels, or tightly-clumped 
groups of office workers smoking around an 
Fig. 3.86
Map showing where some of the ‘outside’ smells where located
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external ashtray, are set against the sweet scents 
from a florist, the smell of polish from an outdoor 
shoeshine vendor, coffee from the many cafes 
and piquant cooking fumes from restaurants. The 
fashionable restaurant, Cumulus, is right next door 
to Craft Victoria, and less then 100 metres away 
at the top of Flinders Lane, are the grand Treasury 
Gardens, moist and fresh, earthy and musty, 
altogether a different smell-scape.
Here we encounter what Juhani Pallasmaa calls 
“scent spheres”20, edgeless spaces that are defined by 
smell21. The smells of the city, some perhaps desired 
and others not, all contribute to building the complex 
phenomenological image of the urban fabric – a 
perceptual image that is almost entirely peripheral. 
Sissel Tolass speaks of air carrying information, 
information coded as scent, information that is not 
static, and that “corresponds very much with the air 
and the information that moves around.”22 These scents 
tell us something about the city and what is happening 
within its interiors, which we need not enter, or may 
not enter.
3.6.c project 5: high tea: making 
scents of high tea
In 2010 I was invited to participate in ‘High Tea’, an 
exhibition curated by Kim Brocket of Craft Victoria at 
the Bundoora Homestead Art Centre. The curatorial 
brief was to explore the notion of high tea through 
a ‘contemporary exploration of the ritual of high tea 
through the five senses’. In order to tie this brief to my 
exploration into interior atmosphere I decided to work 
with smell. Bundoora Homestead is a grand Queen 
Anne federation-style mansion and horse stud built by 
John Matthew Smith in 1899 for his family. A historic 
photograph (Afternoon tea in the garden, North park) 
from 1914 that hangs in the Homestead, showing the 
Smith family enjoying high tea on the grounds of their 
property, prompted me to consider how our day-to-day 
olfactory environment may evolve and alter over time, 
due to cultural, social, environmental and technological 
changes. Hence I defined the project as one that 
explored the relationship between scent and time. 
Scent is highly temporal, it can linger, dissipate and 
move, travelling through the air – but can scent also 
come to define a period in history?
Fig. 3.85
The installation ‘Outside-In Smell’ and a sample of the smell containers and their ingredients.  
Urban Interior Occupation. Urban Interior Group. Craft Victoria Gallery, Melbourne 2008.
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While historical documentaries and period dramas 
offer immersive insights about how the past may have 
looked and how it may have sounded – the accents and 
colloquialisms of the time, the style of music and the 
tone of now obsolete instruments, and other period-
specific sounds such as horses hooves and carriage 
wheels on cobblestone – the smells of the past are 
more ephemeral and, except as evoked by words or 
images, are rarely experienced as a way of describing 
history. Looking at the photograph of Bundoora 
Homestead from 1914, I began to wonder what types 
of scents would have been encountered at the time 
by those who lived there. I wanted to research and 
recreate an atmosphere – actually a scent-sphere – 
that hadn’t been smelled for almost 100 years. The 
installation ‘Making Scents of High Tea’ explored two 
landscapes of scents centred around the theme of high 
tea – those one might have encountered during the 
early 20th century (circa 1914) and those one might 
encounter today – not as a comparative study, but 
by using ephemeral scents as a way to reconstruct as 
accurately as possible, a sense of time and place.
A historical investigation was conducted into 
scents referenced in literature, novels and poetry, 
cookbooks and especially ladies journals from the 
period; much effort was taken to be as accurate as 
possible considering not just the smell of food and 
beverages, but also likely perfumes, hair pomades, 
makeup and also household cleaning products and 
Fig. 3.87
Original architectural drawing for the Bundoora Homestead.
Fig. 3.88
Advertisements from circa 1910 promoting some of the products I 
used for the smell installation. Malte Wagenfeld 2010.
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wash laundry), cold tar soap (used as a household 
disinfectant and cleaner), Keens Mustard, the long 
established tea brands, and so on. Pure oil-extracts 
were used due to the strong scents they produce, such 
as ylang-ylang oil, geranium oil and the pure vanilla 
extract often used in baking.
The scents of these source ingredients were 
then captured in purpose-built containers that were 
strategically placed within a room arranged to reflect 
two table settings: one from 1914 and the other from 
2010. In the middle of the room stood two, specially-
designed, ‘high tea’ tables set for 3 guests each. Each 
table had three sets of scents: a ‘signature’ scent of 
each imaginary guest along with their ‘preferred’ type 
of tea. In the centre of the table was a cake-stand 
holding a further selection of scents relating to the 
high tea menu available to the guests: three savoury 
sandwiches on the lower plate and three sweets on 
the upper plate. Two side tables stood along the walls, 
on which scents were placed relating to the smells of 
the room and the things within such as furniture and 
table linen that would have contributed to scent scape 
at the time; one evoking 1914 and the other 2010. 
The design of the containers were kept deliberately 
non-descript and the tables and cake-stands, painted 
matt white, were designed to resemble paper cut-
outs of Edwardian period furniture, to minimize visual 
reference to the period and setting. Visitors were 
encouraged to encounter and interact with (rather 
laundry detergents. Locating scents associated 
with the type of food served at a high tea from 
this period (an assortment of savoury and sweet 
dishes), ladies and men’s body scents, and popular 
cleaning products commonly used at the time was 
relatively straightforward, if laborious. Periodicals 
such as Everylady’s Journal (1912 – 1914) and recipe 
books from the time contained a wealth of recipes, 
advertisements and even a detailed guide from 1914 
on how to host a high tea23. However, surprisingly, 
determining what types of tea would have been 
served proved more difficult and required an extensive 
literature and web search. In the end tea brands 
and tea types that were popular at the time, such as 
Fortnum & Mason’s ‘Gunpowder Green Tea’, ‘Royal 
Blend’ and ‘Earl Grey Classic’, were chosen as they 
have all been continuously produced since 1902. 
Another surprise was that during this period (circa 
1910) ladies wore relatively little makeup and perfume. 
I had expected a predominance of strong smelling 
face powders, lipsticks and perfumes were worn, but 
it was a period when being ‘natural’ was fashionable, 
and gentle and ‘natural’ scents such as geranium and 
rose water were popular for women, whilst men used 
hair products such as Macassar Oil, which contained 
a fragrant oil from the flowers of the ylang-ylang tree. 
As with my previous projects, where possible samples 
of the actual materials were used to generate the 
scents – such as bees wax furniture polish, Velvet 
Pure Soap (made in Australia since 1901 and used to 
Fig. 3.89
Making Scents of High Tea, smell installation. High Tea, Bundoora Homestead Art Centre, 2010.
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than view) the installation, by opening the containers, 
smelling their contents, and using an Asian-style paddle 
fan (popular during the early 20th century) to gently 
waft the scents towards their noses.
Staging an installation at a regional art centre rather 
than at a contemporary art space, in which visitors 
were encouraged to explore an intangible perceptual 
topography of scent – well outside the traditional 
visual media they may expect to see – was a somewhat 
risky strategy. The Bundoora Homestead Art Centre 
is the public art gallery for the City of Darebin, which 
stretches from Melbourne’s inner north to it’s outer 
ring suburbs; it houses one of the largest and most 
diverse communities in the state of Victoria24. The Art 
Centre is well visited by this diverse demography and 
over 3400 visitors viewed the High Tea exhibitionxxvi. 
The staging of this kind of exhibition in this context was 
a deliberate strategy to investigate how a diverse cross-
section of the population, one not necessarily versed 
in contemporary art and design theory and practice, 
would respond to an exploration into perceptual 
phenomena.
xxvi Board Minutes. Bundoora Homestead Art Centre. 07 
September 2011.
Using a fly-on-the-wall observational strategy, 
I discovered that the majority of visitors were very 
open to this exploration, but the level of engagement 
with the smells was quite unexpected, with people 
spending up to half an hour in the space exploring the 
landscape of scents. Along the north-facing wall I had 
posted information pertaining to the ideas behind the 
installation, the research undertaken and a detailed 
inventory of the smells exhibited. People displayed 
genuine delight in exploring the smells and then trying 
to match them with the inventory, discussing amongst 
themselves what meaning and associations the scents 
had for them. Older people, particularly those in their 
late 70s and older, tended to be more methodical in 
their exploration, and often expressed fascination 
and surprise that the smells took them back to their 
childhood or reminded them of their grandmother’s 
house and so forth. Once again the link between 
memory and smell was very pronounced; importantly, 
smell evoked a very particular form of spatial memory 
– a memory of spaces located within a certain time or 
event. I was greatly encouraged by the visitors’ interest 
and readiness to engage with the olfactory exploration. 
It confirmed the importance of smell as an agent 
for special awareness, and the link between spaces, 
the smells within those spaces and their temporal 
reference points.
Fig. 3.90
The installation and visitors exploring the sent-scape.  Making Scents of High Tea, smell 
installation. High Tea, Bundoora Homestead Art Centre, 2010.
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3.6.d project 5: cloudy sensoria: 
scent spheres
The final project investigating the relationship 
between scent, space and time was conducted as part 
of ‘Cloudy Sensoria’, an exhibition in late 2012 curated 
by sound and visual artist Cara-Anne Simpson and 
myself. After the 2011 High Tea exhibition, Jacqueline 
Healy, then director of the Bundoora Homestead Art 
Centre, invited me to curate an exhibition in 2012 
based on the ideas I was exploring. I teamed up with 
Cara-Anne Simpson, who explores notions of sound, 
space and the participant, to co-curate the proposed 
exhibition. We developed the curatorial theme of 
Cloudy Sensoria, as a
site specific interpretation of time shifting 
experiences of Bundoora Homestead. Artists were 
asked to engage audiences in new ways of ‘seeing’ 
– often not with the eyes – that responded to 
the building, its location and the history of early 
Australian aristocracy, an institution for men deeply 
traumatised and often disfigured by war, and now a 
cultural centre.”25
As well as being curators, Cara-Anne and I also 
developed work for this exhibition. My contribution 
consisted of two parts: creating the ‘Scent Spheres’ 
that were dispersed throughout the exhibition, and 
the installation ‘Night Window’, which was located 
in Gallery 3. Only ‘Scent Spheres’ will be discussed 
here, as ‘Night Windows’ will be discussed later as a 
standalone project.
‘Scent Spheres’ further explored Juhani Pallasmaa’s 
notion of edgeless spaces defined by smell. Various 
materials that produced a particular scent were 
discreetly placed throughout the gallery to produce 
a ‘trail’ of peripheral scent-scapes. As visitors walked 
through the gallery complex they would encounter 
spheres of scents that evoked a particular relationship 
to the space as perceived at a particular time in the 
history of the homestead: as a home and horse stud, a 
repatriation hospital and as the current gallery space. 
Where possible I created scent spheres to complement, 
play off and contribute to some of the other artist’s 
installations.
Jason Parmington’s installation, Threshold 1, 
explored the hidden and lingering layers of the 
period when the homestead functioned as a mental 
repatriation hospital for returned soldiers from WW1 
until 1993. In his artist’s statement, Parmington notes 
that the homestead was
originally designated the Bundoora Convalescent 
Farm, [and] it provided accommodation for WWI 
veterans classified as ‘neurasthenic’xxvii – a nervous 
xxvii Marina Larsson, Shattered ANZACS: Living with the Scars 
of War, (Sydney: UNSW Press, 2009), 159
debility and general malaise we now understand 
as post traumatic stress disorder. The installations 
manipulate[d] the phenomenon of reflection to 
inspire a view beyond surface and the present. 
Threshold 1 […] conjure[d] the surreal and alternate 
realities of the homestead and compress[ed] 
them into a singular experience: mansion and 
trench, gallery and hospital, the lauded and the 
marginalised.26
Our curatorial reflections were that “with a 
precision that eerily produces an effect like ‘clouded 
sensorium’ [Jason created] a surreal, seemingly 
mirrored, room at once disorientating, discomforting 
but irresistibly magnetic.”27 Within this context I 
inserted the caustic and pungent smell of coal tar, 
the active ingredient of Cresolene.  The smell of 
Cresolene became closely associated with hospitals and 
institutions throughout the 19th and early 20th centuries 
as it was used as a disinfectant to clean floors and other 
surfaces. Again, as with the ‘High Tea’ exhibition, many 
older visitors instantly recognised the scent and its 
association with institutionalisation.
Fig. 3.91
The installation Threshold 1 by Jason Parmington, Cloudy 
Sensoria.  Bundoora Homestead Art Centre, 2011.
Chris Cottrell transformed Gallery 2 into a camera 
obscura. Gallery 2 was formerly the master bedroom 
of the homestead when the Smith family resided there 
in the first decade of the 20th century. Cottrell’s camera 
obscura played with the dislocation of the grand and 
ornate late 19th century interior surfaces onto which 
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the outside – inverted images of the sky, trees and circa 
1990s mock-federation suburban villas – was projected 
in real time through an optical lens. Accompanying 
this were a set of sensors, located on the balcony 
immediately outside the bedroom, which captured 
atmospheric – weather – data that was routed to a 
microprocessor and manipulated by custom software to 
create an ‘aural cloud’. Thus within the interior space, 
atmospheres interfaced: outside and inside, then 
and now, interior climate and outside weather. Thus 
“Cottrell’s work map[ed] the physical changes of time 
and weather in the gallery,”28 to create “ambiguous 
and oscillating readings of interior and exterior 
atmospheres. […] The installation breaks our habitual 
attention, literally turning the world upside–down. By 
doing so, it draws attention to the complex relations 
that constitute experience, the various climatic and 
affective atmospheres involved.”29
Within the context and space of the former master 
bedroom, where the lady of the house Helen Smith 
had slept, I placed the scent of Geranium Water so that 
when the visitor entered, while experiencing Cottrell’s 
reimagined room, they would also detect this gentle 
scent possibly worn by Helen; although she is long 
gone, her presence persists via the memory of her 
imagined scent.
Various other scents were strategically placed 
throughout the gallery complex, such as fresh hay – as 
a reminder of the horse stud it once was – not to draw 
focused attention but as a subtle, unexpected, and at 
times barely perceptible, olfactory presence that, when 
encountered, slightly shifted a person’s perception of 
place and time.
3.6.d project 5: conclusion
In these investigations exploring smell, I tended to 
work with source materials that generated the scents in 
preference to using synthesised scents. Initially this was 
more a matter of practicality than a deliberate decision, 
as it was the most direct way of building precise 
scent environments. But as the projects developed it 
became apparent that working with the actual material 
permitted a much more rigorous method, allowing 
me to discern what type of matter produced the most 
prevailing scents and how, as well as investigating 
how scents decay, diminish and change over time. 
Importantly, this method enabled me to explore smell 
in all its complexity, given that “the richest complexities 
of scents occur when the smells emanate directly from 
the things themself, the material.”30
I have already discussed many of my observations 
– the openness and fascination with which people 
approached the smell environments; the recurring 
theme of smell and memory and how smell can rouse 
a memory without the person being able to place 
the origin of that smell; the need for a visual cue for 
a person to be able to connect a smell to a material; 
and the preference many expressed for certain groups 
of smell – fresh and sweet or rich and musty. The 
complexity of the smell of materials, and how materials 
of the same type – particularly natural materials such 
as wood and silk – can have a unique smell. Most 
critically, these projects provided a space where I could 
carefully consider smell and the role it may play in the 
construction of dynamic interior atmospheres, and the 
connection between smell and our experience of space.
Tolaas speaks of air carrying information, often 
trivial, such as cooking smells indicating a meal is about 
to be eaten, the perfume of someone who has walked 
through your office, wet floorboards after they have 
been washed, beeswax used to polish a table, or that 
distinctive smell of children’s Play-Doh. But it is exactly 
this infusion of scents from seemingly incidental events 
that activates an experience of interior atmosphere 
“that surrounds us as an invisible architecture.”31
Perhaps most fascinating is how smell comes to us 
as part of the air, as a presence sensed gradually by the 
nose; this contrasts with the speed of the eye. Unlike 
sound and light, which travel through the air – although 
the air may affect them – smell moves with the air, 
it melds and becomes part of the air. As Luca Turin 
explains:
Smells, unlike sound and light, do not act at a 
distance: if you smell something, it is because pieces 
of the smelly stuff are evaporating from whatever 
it is you are smelling – whether it is Rose de Nuit 
or frying bacon – flying through the air and ending 
up in your nose. The fact that they are colourless 
makes it look like a mysterious agency is at work, 
but if you were to add perfume to coloured smoke 
you would soon realise that you only smell the stuff 
when the colour reaches you.32
Germane to this and as if preordained, while I am 
sitting at my desk writing this section, my partner 
Fig. 3.92
The installation Cloud Sound by Chris Cottrell, Cloudy Sensoria.  
Bundoora Homestead Art Centre, 2011.
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Polly is in the kitchen cooking, and suddenly I become 
aware of the fried onion smell; the cloud of airborne 
molecules emanating from the pan have reached me 
about 15 metres away. To reach my desk, the cloud 
of fried onion molecules must first travel north-east 
through the kitchen, then through a partly open door, 
north down a short corridor, take a sharp turn and 
travel east for 7 metres through a long narrow room 
and then finally take a slight south trajectory to my 
nostrils. The only conclusion that can be drawn from 
this trajectory is that the air within connected spaces 
is constantly in flux, constantly mixing and even able to 
turn many corners – more so than we might otherwise 
imagine (and with a lot more speed). Exploring smell is 
not just what registers in us psychologically, but also an 
investigation of how air moves through spaces – with 
our nose used to register the complex movement of 
air. This explanation as to why the smell of fried onion 
permeates my home in such a short time, even though 
it may be more concentrated in some spaces than 
others, dovetails neatly with my observations of air 
movement from the scanning laser projects: the air is 
constantly moving in ‘all directions at once’.
We know from experience that the smells 
encountered in a rainforest or a tropical city such as 
Singapore, are richer and more pronounced than those 
in a cold dry climate. Scents are more pronounced with 
rising temperatures because molecules are released 
by thermal motion and humid air increases our sense 
of smell, but “for reasons unclear.”33 The same goes 
for interior atmospheres. We will encounter fewer 
scents in a cold dry atmosphere, such as created by an 
air-conditioned interior than in a naturally-ventilated 
interior where temperatures and humidity will fluctuate 
according to the weather and seasons. Furthermore 
the air and hence the scents within a centrally air-
conditioned interior is mixed and blended throughout 
the entire building allowing for less localised scent 
spheres.
This could of course be viewed as either a positive 
or a negative. To some inhabitants, part of the 
attraction of the air-conditioned environment is exactly 
this lack of smell, or smell as a constant deodorised 
presence, which is associated with cleanliness; but as 
Sissel Tolass states, in
the 21st century, the ideal society is presented as 
deodorised. The fantasy worlds created for us are 
totally odourless. They exist only in the domains of 
vision and sound. And the scentless representations 
of the world reinforce our social obligation to 
deodorisation.34 
The idea of designing scents for a space or imbuing 
a space only with particular controlled smells is counter 
to my design aesthetic and approach – it is didactic 
and contrary to the idea of dynamics, transience and 
complexity. The alternative is design that allows smell 
to permeate, from the considered materiality spaces 
are constructed with, to the things that are placed in 
them, the things that happen in them, and the smells 
that enter from the outside. When considering smell, a 
designer may think about the olfactory qualities of the 
materials with which a space is built, but the critical 
issue is that the treatment of the interior atmosphere 
allows scents to permeate and to occupy their own 
position in space and time. The olfactory terrain within 
a given space will come to be determined by the things 
people place within the space, the things they do in 
that space (be it reading a book, cooking, smoking a 
pipe or making furniture), outside incidental smells 
entering the interior and the smell of the people and 
other creatures that occupy or pass through that space. 
Some smells are transient and dynamic, others more 
enduring, but together they will generate complexity. It 
is the dynamic and transient, deeply personal and often 
unexpected nature of smell that adds yet another layer 
– or narrative – of complexity with which to enrich the 
experiential encounter of interior atmospheres.
3.7 project 6: night window – 
generating an immersive interior 
atmosphere
The installation ‘Night Window’ further explored 
the notion of how perceptual qualities within a space 
can alter over time as that a space’s function, design 
features and the activities that occur within that space 
can and do change. Sited in Gallery 3 – originally a 
generously-sized dressing room with an adjacent 
bathroom (now removed), servicing the master 
bedroom (now Gallery 2) – now a gallery with white 
walls, controlled lighting, inoperable windows and a 
climate controlled interior atmosphere.
The window as a performative and poetic 
architectural element was the critical site of this 
investigation. Windows are the eyes, nose and ears 
of a building, its sensory orifices. Opening and closing 
windows and drawing drapes are simple acts that allow 
occupants to modulate the atmospheric and perceptual 
relationship between inside and outside, letting the 
outside in and the inside out (or shutting them out). 
However, during the conversion of the homestead into 
a gallery the windows were sealed shut to allow the 
interior air to be mechanically regulated to protect 
and preserve the sensitive artworks housed within. 
This seemingly innocuous act – removing the ability 
to open and close windows – has reduced the sensory 
function of this opening to vision only. Standing inside 
the room we can look out and see the world beyond, 
but otherwise we are perceptually cut off, hermetically 
contained within the room.
The installation looked at reimagining the 
perceptual qualities of the interior atmosphere when 
it was the residence of the Smith family, from 1899-
1920. Partly inspired by Edward Hopper’s painting Night 
Windows (1928) where, framed by night, a woman 
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is glimpsed dressing in a lit room, a semi-transparent 
drape billows through the open window and we 
can feel the slight breeze and smell the sultry night 
air. However, this time a room of similar shape and 
proportions has been re-contextualized, taken out of 
its intensely urban condition and placed into the rural 
setting of the Bundoora Homestead.xxviii
In this re-contextualised scenario we can imagine 
Ellie (Lady Smith) opening her dressing room window: 
It had been a warm day and now a cool change has 
arrived accompanied by a gentle rainstorm. The air 
causes the sheer curtains to delicately billow in the 
evening breeze, which lightly perfumes the room with 
the sweet smell of cut hay and wet grass. Beyond the 
wide protecting balcony can be heard the rhythmic 
sound of rain, the occasional squawk of native birds and 
xxviii The many Paintings from the 2011 exhibition and 
publication ‘Rooms with a View: The Open Window in the 19th 
Century’, at the New York Metropolitan Museum of Art, were also 
a critical reference.
now and again a neighing from one of the many horses.
Inside Gallery 3 a window and part of the wall 
have become dislodged from the building’s interior. 
No longer hermetically sealed, once again the window 
invites in the breezes and fragrant night air, but the 
window has not only become dislodged in space, but 
also in time – the air carries once familiar, but now long 
vanished scents and sounds from the grounds of the 
old homestead. 
Rather than focussing on how to artificially replicate 
an open window with all its associated phenomena and 
perceptual stimuli, the investigation was designed, by 
using a few tricks, to see if it was possible to simulate 
the impression and stir psychosomatic memories of 
an open window, set within a certain context and 
narrative. I invited visitors to the gallery to question 
how a room’s perceptual properties are affected by 
removing the ability to open and close its windows, 
to provoke the question: by ‘adding’ a controlled 
atmosphere, what is it that has been removed?
Fig. 3.93
Original floor plan for the homestead showing the location of the exhibit, Night Window.
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description of the project
For the investigation I constructed a freestanding 
section of wall, 3300 x 1400 x 600mm, with a large 
set of inward hinging casement windows placed at 
its centre. The propositions and design features of 
the wall and window were carefully modelled on the 
actual windows of the original homestead’s room 
where Gallery 3 was located, to appear as if it was an 
original feature of that space. In front of the windows 
hung sheer-white curtains, and hidden behind the 
wall were the fans and devices needed to simulate the 
phenomena associated with an open window.
Dynamic breezes were generated using four 12-volt, 
low-noise, magnetic levitated-bearing fans. The power 
supply of each fan was independently connected to a 
microcontroller that was scripted using the Arduino 
open-source programming-platform. A program was 
written to randomly increase and decrease the speed 
of each fan, from standstill (0%) to maximum output 
(100%) through ten steps (each at 10% variance). 
Fig. 3.94
Night Window (1928), Edward Hopper.  Framed by night, a woman is glimpsed dressing in a 
lit room, a semi-transparent drape billows through the open window and we can feel the slight 
breeze and smell the sultry night air.
Fig. 3.95
A small model of Night Window constructed for exploring 
proportions and producing a phograph required for publicity 
before the actual installation could be built. Malte Wagenfeld 
2011.
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Insights gained during earlier investigations of air 
movement (Projects 1-3), in particular observations 
into the phenomena of natural breezes, informed 
the placement of fans and the programming of their 
operation, such that they would blow at different 
velocities on different parts of the curtains, at random 
levels of thrust, for varying time intervals (anywhere 
between one to twenty seconds). Sometimes they 
would blow together at maximum output for a few 
seconds or more, and sometimes they remained still, 
but mostly they moved at intermediate, but varying, 
levels of output. For example, at a given moment, 
the left-hand curtain may be catching a stronger 
breeze then the right-hand curtain. This resulted in a 
surprisingly convincing simulation of an evening breeze 
entering through the window.
An evaporative cooler was placed beneath the 
window – a simple device that employs water’s 
considerable entropy of vaporisation by blowing air 
through a water-saturated membrane causing the 
phase transition from liquid water to vapour and 
resulting in a reduction in atmospheric temperature 
(entropy) and an increase in atmospheric moisture 
content. The evaporative cooler was angled to blow 
the cool moist air over a box of fragrant dried grass 
and hay and up towards the computer fans, which 
subsequently blew the now fragrant, cool, moist air 
through the window and into the gallery space. A black 
shade cloth was fixed to the back of the wall with an 
opening near the floor. This performed two functions. 
Firstly it darkened the inside of the window cavity, 
which was painted matt black, so as to conceal the fans 
and apparatus from view; and secondly it controlled the 
circulation of air such that the evaporative cooler would 
suck room air from the opening near the floor and blow 
this over the box containing the scents before the fans 
would force this air into the gallery space.
Sound designer Livia Ruzic composed a ninety-
minute soundtrack, which mixed sounds of a gentle 
rainstorm with nocturnal birds indigenous to the 
region and occasional sounds of horses neighing. 
This was played as a continuous loop, on a sound 
system hidden behind the window. Night Windows 
was sited in the South-Eastern corner of the room 
slightly away from the wall, causing a shadow line to 
fall behind it that created the illusion that the window 
had been physically dislocated from the rest of the 
room. Lighting within the room was subdued, with 
a small spot falling on the front of the installation to 
accentuate the rhythmic billowing of the curtains. Dark 
blue translucent film was applied to the three windows 
within the room to make it appear that night had fallen.
observations
Despite my concern that the ‘perceptual tricks’ 
employed would be too apparent and dilute the 
visitor’s aesthetic encounter of Night Window, they 
combined convincingly. Upon entering Gallery 3 there 
was an uncanny sense of dislocation, as if one had 
been shifted – ever so slightly – in time and space. 
While aware the room was in fact a gallery space, 
the darkened room with its cool moist fragrant air 
and subdued nocturnal sounds, the glimpse of night 
through the windows framed by gently billowing 
curtains, generated a momentary temporal and 
perceptual disorientation. 
The effect was subtle and I noted that some 
visitors walked in, looked but didn’t stay long – as if 
expecting something more visually dramatic to catch 
their attention; however, most visitors spent time in 
the room lingering in the semi-darkness and taking 
in the night-air, sometimes attempting to poke their 
heads through the window. Presumably this was to see 
how the effect was achieved. Many were overheard 
expressing surprise at the whiff of fresh-cut hay as they 
first entered, before they had noticed the installation 
itself, giving them an impression of the outside first, 
followed by the perception of gentle movement and 
the sensation of cool moist air. The seemingly ordinary 
and yet highly unusual experience of seeing an open 
Fig. 3.96
Program scripting using the Arduino open-source programming-
platform for generating alternating air fluctuations from each of 
the six fans. Malte Wagenfeld 2011.
Fig. 3.97 (opposite)
The installation Night Window. Cloudy Sensoria.  Bundoora 
Homestead Art Centre, 2011.
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window in a gallery was a deliberate ploy to deflect 
attention from the installation itself and instead let 
the perceptual impressions dominate. I also wanted 
people to consider why an open window in a space like 
a gallery has become unexpected, when in a previous 
time, perhaps only twenty-five or more years ago, it 
would have been commonplace.
A number of visitors commented on the installation 
having tranquil qualities, one stating that she wished 
she could have the window – Night Window – in her 
bedroom to help her sleep at night. Although it was 
never an objective to create a sense of relaxation, 
I was nonetheless pleased with this response as it 
demonstrated how simple perceptual stimuli could 
register deep psychosomatic responses. Although the 
breezes could be more seen then felt, the combined 
effect remained palpable. I was reminded of a quote 
from the Japanese author Tetsuro Yoshida in Lisa 
Heschong’s Thermal Delight in Architecture: “The lightly 
swaying lantern or the ringing of the bell [wind chime] 
gives a suggestion of refreshing wind and coolness.”35 
Again, this is an example of how our senses work 
together to create a psychosomatic experience and 
phenomenological image – if information from one 
sense is slightly amiss or missing it is as if other senses 
compensate for the incomplete data. In the next and 
final chapter I will critically reflect on the findings of 
these phenomenological investigations and present my 
reconceptualization of interior atmosphere that informs 
a practice of designing with air.
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Fig. 3.98
A visitor engages with the installation Night Window. Cloudy Sensoria.  Bundoora Homestead Art 
Centre, 2011.
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4.1 research overview & how the 
research question changed 
I began this PhD project with the intent of exploring 
the question: Would a simulation of the type of air 
movement encountered in a ‘pleasurable’ open-air 
environment be desirable within an interior space, 
and if so how could this be achieved? While the 
hypothesis did not change markedly over the course of 
the research, what I hoped to produce did change in 
response to my findings.
My intention was to build a system of devices 
for modulating and moving air within interior 
environments and to qualitatively test the resultant 
effect on individuals and groups. The design of the 
devices was to be undertaken through a combination of 
physical experimentation in the mechanics of moving 
air to produce the desired effect, and the use of digital 
design tools such as Computational Fluid Dynamics 
(CFD). But once I began investigating the topic in depth 
I realised that, apart from the observation that outside 
air can carry perceptually agreeable qualities, I had 
little concept of what actually constituted an ‘aesthetic’ 
atmosphere, even less of an idea of how to design with 
air and no design tools, practical or conceptual, with 
which to understand and envision air. 
Rather than derailing my research, this insight 
alerted me to a gap in current design thinking. As 
the thermal comfort researcher Richard de Dear 
states in reference to his theory of ‘alliesthesia’: “An 
implication of this paradigm shift in our notion of 
what is comfortable and how best to deliver it is that 
actually very little is known about why certain indoor 
thermal environmental combinations are perceived 
comfortable.”1 Although the extensive research upon 
which the Adaptive Model of Thermal Comfort was 
builti reveals a strong relationship between people’s 
preferences for certain interior climates and the 
prevailing outdoor climate – as well as cultural, 
geographic and other psychological and physiological 
factors2 – its architects (e.g. Fountain et al. 1996; de 
Dear and Brager 1998) acknowledge that such “models 
do not really provide much of an insight into why 
certain conditions will be comfortable or acceptable, 
other than a broad generalization that they conform to 
occupants expectations.”3 The need for critical insight 
into the perceptual qualities of air and how these 
qualities act upon us (how they make us ‘feel’) and 
how such insights can be used to inform the designer 
of air (to envision air and devise tools to design 
with it), redefined the trajectory of my research and 
consequently what I aimed to produce.
i Currently the only officially accepted alternative to 
the prescribed steady-state thermal climate model based on the 
theory of a universally applicable standardized comfort zone.
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The use of digital modelling tools such as CFD was 
abandoned because they are unhelpful for investigating 
perceptual qualities and our sensorial responses to 
them, such as how fluid movement – air movement 
- makes us feel. They model only what has already 
been observed and written into the algorithms of the 
program – algorithms typically stripped of complexity 
to simplify computation. Since I had not devised what 
type of air movement I wanted to generate there was 
no way of knowing what to look for in a CFD analysis. 
Clearly a different type of design investigation was 
required and: my research quickly evolved from a 
largely technical inquiry to a largely phenomenological 
one.
With the practice of designing atmosphere (air) 
being a ‘tabula rasa’ I had to undertake a far deeper 
preparatory inquiry then is usually required. This set the 
stage for a remarkably rich phase of phenomenological 
design-investigations and experiments. To fully 
encompass the aesthetic perception of air as 
atmosphere, a broad palette of atmospheric qualities 
was explored, including smell, humidity, density, sound, 
human actions and interactions and so on.
For such research to have any traction, and 
ultimately provide a valuable approach for a designer of 
interior atmospheres, an argument would first need to 
be made why such an approach is worth the designer’s 
consideration. This would include the question of 
how to return ‘air’ into the hands of the designer and 
ultimately the occupant of designed spaces. Implicit in 
this question is the need to understand how air became 
the ‘forgotten’ dimension of design. This was done 
through analysing the narrative of how the steady-
state model of air-conditioned and hermetically sealed 
interior climates, with the notion of an ideal comfort 
zone, became the internationally accepted paradigm. In 
questioning the veracity of this paradigm, my research 
positioned itself alongside the already burgeoning 
school of thought revolving around ‘The Adaptive 
Model of Thermal Comfort’ with its focus on and 
understanding of human relationships to atmosphere 
as not merely mechanistic, but the result of a complex 
and dynamic interplay of physiological, psychological, 
cultural and social factors, and personal preferences.  
In the following section I will discuss the key points 
identified from this investigation.
4.2 summary of chapter 2: review of 
literature
This review began by surveying vernacular design 
responses to climate and atmosphere. This investigation 
revealed that vernacular buildings and dwellings 
typically displayed highly specific design responses to 
local conditions including climate, geography, culture, 
social norms and customs, available material resources 
and many other factors; and as design drivers such 
factors often resulted in an architecture that is both 
effective in performing the required task and uniquely 
tailored to work with and not against the prevailing 
climate and conditions. Examples discussed include 
the subterranean ‘haush’ shaft dwellings of Tunisia 
– enclosed and private – which employed the chilled 
thermal mass of the ground and the radiant warmth of 
the sun to generate a ‘thermal lung’4, exchanging warm 
and cool air over a twenty four hour cycle; to the ‘fales’ 
of Samoa – open and communal – which used elevated 
lightly-roofed pavilions to harness the prevailing 
breezes and shelter from the tropical rain.
This performative vernacular architecture is 
enabled by a sophisticated working knowledge of 
thermal dynamics, employing principles of sensible 
and evaporative cooling, heat exchange, pressure 
differentials and an intimate knowledge of material 
properties to effectively regulate and flatten out diurnal 
temperature cycles, and to encourage a continuous 
flow of air – bringing in fresh air and exhausting stale 
air. 
Such vernacular architecture displays an intricate 
interplay between internal and external spaces and 
the prevalence of an ambiguous in-between – neither 
fully internal nor fully external – spatial mode. These 
buildings function as an interactive apparatus for 
modulating atmosphere, which the occupants govern 
by manipulating the building’s many climatic devices 
and by migrating through and around the spaces of the 
building according to the time of day or season or the 
occupant’s needs or wants. 
Critically I was able to show that these strategies 
and practices not only served the ‘practical’ purpose 
of delivering liveable conditions, but also served to 
fashion spaces and atmospheres for unique social 
and cultural functions; deploying a vast array of 
atmospheric phenomena to generate perceptual 
encounters that ‘pleasure and delight’ the occupants as 
part of their daily lived experience in climates as varied 
as the deserts of Persia to the tropics of Queensland.
In contrast the paradigm of the hermetically sealed 
and air-conditioned interior treats a building not as a 
permeable membrane, but as an autonomous sealed 
container isolated from the exterior atmosphere 
and all the related perceptual phenomena. The 
development of this archetype  - the hermetically 
sealed air-conditioned interior - along with the 
construct of a standardised comfort zone – a singular 
set of ‘optimal’ interior climatic conditions or ‘cool, 
still, air’5 – was not the result of the reasoned 
and inevitable course of human and technological 
evolution, as it is sometimes presented – but “a series 
of contested choices”6. These choices were based upon 
a rationale that initially set out to optimise climatic 
conditions for the purposes of quality control during 
the manufacture of commodities – especially where 
hydroscopic materials were concerned – and not for 
human comfort. To realise this objective required a 
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resolute logic to be established and adhered to, first 
the particular conditions constituting an optimised 
climate  - for the purpose of manufacturing – needed 
to be determined and the method for delivering 
this engineered, then, critically, to ensure that this 
manufactured climate could be stringently controlled 
and maintained required the building to be sealed off 
from the variable external atmosphere. Later, with 
the intent to deliver optimised climates for human 
habitation, this already established logic was simply 
reapplied; drawing on a mechanistic model of human 
physiology, which relied on a “quantification of human 
comfort”7 derived through laboratory tests in which 
humans – like the materials used for manufacture - 
were deemed “passive recipients of thermal stimuli”8. 
To achieve this the physiological parameters analysed 
needed to be strategically limited to those which 
could be easily measured and successfully serviced by 
the new air-conditioning systems, and necessitated, 
as in the previous case, the sealing off of the interior 
atmosphere from the outside; even though this was 
contrary to the practice of the time and contradicted 
the then latest research by the burgeoning medical field 
of physiology into what constituted healthy interior 
environments.
By marshalling the many contesting voices I was 
able to show that there had been a long running battle 
with the “technocratic vision of perfect man-made 
weather”, from the turn of the nineteenth century 
to the middle of the twentieth. Led by physicians, 
progressive educators – the international open-air 
school movement9 and the Open-Air Crusaders10 – 
and public health campaigners, as well as artists, 
designers, writers and philosophers, all highlighted 
the physiological, health-giving and beguiling aesthetic 
qualities of being in an emergent atmosphere of fresh 
air (whether exterior or interior), and viewed the 
changing stimuli and variance not only as beneficial but 
something to be celebrated.
At times these were the dominant voices, especially 
in the field of medicine and public health, which caused 
the engineers promoting their ‘man-made weather’ to 
emphasise their newly developed quantified definition 
of comfort over health and aesthetic pleasure. By 
advocating their concept of standardisation, the 
very antithesis to natural climatic conditions, and by 
convincing regulatory bodies to adopt this model, 
largely through a process of “rhetorical persuasion,” 
11 the HVAC engineers were slowly able to chip away 
at the oppositional argument. The “professional 
conceits”12 of the burgeoning profession of HVAC 
engineers dovetailed with the largely stylistically-driven 
architectural vision of the glass curtain-walled tower – 
which due to the heat build up from the massive solar 
gain associated with such a design necessitated the 
introduction of chilled air to be habitable13 – aligning 
with the economic-rationalist desire for a deep floor 
plate design freed from the need to be serviced by 
natural light and air. These different imperatives worked 
hand-in-hand to set a new prototype for the universal 
standardisation of air, light, design and construction. 
Finally by setting strict building standards based on 
the concept of the ‘comfort zone’ – stipulating the 
excessively narrow parameters of a steady-state 
interior climate – all opposing voices were effectively 
silenced14, and air as a spatial design medium came to 
be ‘forgotten’15.
It was not until the turn of the millennium that the 
model of ‘standardised air’ was once again seriously 
questioned. The challenge came from the ‘adaptive 
model of thermal comfort’ which drew on the careful 
re-analysis of research results from a vast database of 
comfort studies from around the globe, (n=22,346)16 
which the architects of the model, Richard de Dear, 
Gail Brager et al. (1998, 2001), used to demonstrate 
a direct link between occupants’ thermal-comfort 
expectations of the interior climate, and the prevailing 
exterior climate – namely that these expectations 
are geographically and climatically specific and 
not universal. People’s climatic expectations and 
preferences were strongly influenced by cultural and 
social factors as well as personal predisposition.17 
Further studies by other researchers such as Madhavi 
Indraganti (2008) showed this range of climatic 
preference to be considerable. For example, an interior 
temperature that would be regarded as a heat wave in 
parts of Western Europe (29.2°C) is considered ‘neutral’ 
on the MPV scale in Hyderabad India.18 These analyses 
accord unambiguously with the above discussion, that 
the relationships formed with vernacular buildings 
by their occupants are geographically and climatically 
specific, and culturally and socially charged. A 
preference for naturally ventilated interior spaces 
was revealed and a strong link between the sick-
building syndrome (SBS) and the air-conditioned air 
within hermetically sealed buildings was identified.19 
Subsequently, the architects of the ‘adaptive model’ 
were not only able to successfully argue their case to 
those willing to listen, but also to those who made 
and set the rules – the regulatory bodies of the HVAC 
industry – and in 2004 the ‘adaptive model’ was 
accepted as an update to the US standard ASHRAE 55, 
and likewise to the European standard EN 15251 in 
200720. 
In his 2011 paper, Revisiting the Old Hypothesis 
of Human Perception: alliesthesia, Richard de Dear 
proposed the wholesale abandoning of the construct 
of a stead-state interior atmosphere, which not only 
requires “vast amounts of equipment and energy to 
the task of eradicating indoor climatic variability”21 
but also results in the “thermal boredom”22 of the 
occupant exposed to such an atmosphere. In its place 
he argues for the adoption of the concept of ‘pleasure’, 
not neutrality, as a design goal for interior climates, 
delivered by dynamic, transient and anisothermal 
environments; as such, prioritizing change and variance 
and not stasis. This he argues is a “radical departure 
from the orthodoxy of the late 20th century.”23 
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Research analyzing the characteristics of ‘natural wind’ 
(largely undertaken by researchers from Southeast 
Asian universities in Japan, Korea and China) support 
this hypothesis, by first confirming that natural wind 
is characterised by fluctuations that are chaotic, as 
described by the formula 1/f (Hara et al. 1997), 24 
and then by demonstrating that “subjects felt more 
comfortable at moments of high wind velocity and 
at points of high fluctuation even in irregular natural 
wind.”25 
But this unravelling of the rigidly applied notion 
of the ‘comfort zone’ was, alas, not its unmaking, and 
it remains the dominant model – the construction of 
naturally or hybrid ventilated commercial buildings 
still being a rare exception. And while peak industry 
bodies acknowledge the need for change to address 
the considerable challenges in reducing energy 
consumption and decarbonizing the economy26, they 
see this as best done “by doing more of what we 
already know how to do, and by doing this better”27; in 
other word, by working within the parameters of the 
current model. 
But the critique of the current model goes beyond 
concerns with excessive energy consumption. The 
paradigm of the hermetically sealed building – as 
container - filled with ‘standardised cool still air’ deems 
perceptual encounters with atmospheric phenomena 
as an unwanted disturbance that ‘clouds’ the Platonic 
perfection of unmitigated spatial volumes. The 
paradigm seeks a replicable ‘ideal’ in which the interior 
atmosphere is evacuated of atmospheric phenomena 
and mechanically scrubbed of all perceptual 
encounters, until finally, all that is left are ‘perceptually 
empty’ volumes that can be productively inhabited; 
unhindered by the capricious weather outside. Here, 
air is not conceived as matter to be perceived, explored 
and designed with, but as an invisible substance, which 
in its ideal ‘pure’ form is imperceptible; the volume 
of a space, when it attains this ‘ideal’ state, is to be 
entirely empty of all ‘perceivable’ atmospheric matter 
and phenomena. This is of course an ideal, an ideal 
that is rarely if ever realised, and more often at best 
only partially realised. But more then an ideal, it has 
become a way of conceptualising interior atmosphere, 
not only by the engineers responsible for installing 
this paradigm, but also the architects and designers 
responsible for the buildings that contain it and the 
people who work and live in them. As such the current 
model has effectively become a tradition, and as Robyn 
Barnaby writes “the danger – common to all traditions 
– is that the more the tradition is adopted the harder it 
can be to think beyond that tradition – or even notice 
that one is thinking within a particular tradition at all.”28 
Having shown that this tradition is in fact largely 
an ideological construct and not a physiological given 
empowers me as a designer to consider an alternative 
design approach; to reconceptualise and reimagine 
our relationship to interior atmosphere, physiologically 
and philosophically, and to explore the many design 
possibilities this offers. 
The challenge is that atmosphere – air – presents 
a particularly confounding problem when it comes to 
describing and conceptualising it in any meaningful 
detail. In the case of other temporal, ephemeral 
and intangible phenomena, such as sound (and in 
particular music), a sophisticated system of notation 
has been developed to both describe the temporal 
arrangement of sounds and to conceive of new and 
original ones; with practice, they can be memorised, 
internalised and reproduced either with the body  - 
voice - or through the use of instruments, and finally 
they can be recorded, stored and later played back. 
But being immersed in atmosphere is an experiential 
phenomenon like no other. As designers we struggle to 
draw atmosphere, we have no real way of notating the 
atmosphere, very limited means to describe its qualities 
through values such as temperature and humidity, and 
because it is so hard to fully grasp its complexity and 
dimensional multiplicity - which is always in flux and in 
a constant state of becoming – we have tremendous 
difficulty to fully articulate the experiential effect 
of atmosphere let alone envisage a new perceptual 
arrangement. 
 
A reconceptualization of interior atmosphere 
begins with an exploration of its phenomena. Even 
within the paradigm of the ‘ideal’ interior atmosphere, 
in this virtually imperceptible ‘empty’ state, my 
phenomenological explorations (discussed in chapter 
3) revealed the atmosphere to abound with dynamic 
phenomena. 
Critically, the concept of interior atmosphere as 
‘empty space’, from a design perspective, is a lost 
opportunity, not only is this empty space in fact 
brimming with ‘something’, but this something – air 
and atmospheric phenomena – offers an extraordinarily 
fertile design frontier once the phenomena and their 
affect on us is revealed and intellectually grasped. 
My six projects exploring atmospheric phenomena 
were charged with this objective. Initially the 
investigations, although deeply compelling, often 
revealed an amalgam of complex, indecipherable 
phenomena, but through careful study, further 
exploration and contemplation, these became 
increasingly intelligible. This process soon led to the 
realisation that interior atmosphere was not only 
revealed as a dynamic synthesis of phenomena, but 
that these phenomena were the key to formulating a 
method of designing interior atmospheres. 
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4.3 a catalogue of atmospheric 
phenomena
From the six projects undertaken I identified a 
series of key phenomena that form the basis of the 
designer’s toolkit with which to envision and shape 
a reconceptualised interior atmosphere. These are 
discussed and catalogued below, and primarily arranged 
according to type and or perceptual affect, but they 
are also loosely organised according to how they may 
be applied in a design context. In this catalogue each 
is first defined and an account is given about how the 
phenomenon was observed or revealed through the 
projects, this is followed by a brief discussion of the 
phenomenon as a potential contributor to the design of 
interior atmospheres. 
1 aperiodic fluctuations
The aperiodic fluctuations of air currents, as 
characterised by casual breezes, rustling branches and 
swaying fields of wheat or grass, are perhaps the most 
common phenomenon associated with outside ‘natural’ 
air. Hara et al. (1997) have shown the nature of such 
fluctuations to be chaotic, described by the equation 
1/f. 
Such chaotic fluctuations are regarded to be highly 
amenable perceptually and to aid thermoregulation 
much more effectively than non-chaotic or ‘mechanical’ 
fluctuations (Hara et al. 1997, Zhao et al. 2004, Zhou et 
al. 2006, Ouyang et al. 2006, Kang et al. 2007, Hua et 
al. 2012). But there is also an important poetic instant 
to such fluctuations that belies our experience either 
consciously or sub-consciously.  Our recognition of the 
phenomenon (gentle billow of a curtain) and what it 
signals (refreshing breeze) creates an expectation that 
the moment signalled will arrive, but the syncopated 
aperiodic rhythm is never entirely predictable and 
always of the moment – so we don’t know when it 
will arrive, creating a sense of anticipation building to 
surprise. 
Aperiodic fluctuations were a regularly observed 
phenomenon throughout my project investigations - 
from the grand gestures of air movement documented 
in the ‘Manhattan Sky’ (3.2.f) observations to the 
very fine grain visualisation of random air currents 
witnessed with the ‘Laser & Fog’ investigation (3.3.A) 
and also detected with the delicate vapour generated 
by the installation ‘Atmospheric Sensitivity’ (3.4.f); but 
most notable was the behaviour of the aperiodic nature 
of air currents as they moved in and out of windows, as 
seen in project (3.4.C.).
The presence of aperiodic fluctuations in air 
currents as a fundamental element in creating 
perceptually rich interior atmospheres characterises 
a paradigmatic shift between my proposed approach 
and the established practice of ‘standardised’ steady-
state air. The designer can either encourage such 
fluctuations by allowing an element of porosity and 
interplay between the exterior and interior atmosphere 
or by generating them through a system or system 
of devices. The project ‘Night Window’ (3.7) was a 
preliminary exploration into the latter strategy.  A 
number of perceptual ‘tricks’ were employed to 
generate the perceptual experience of an open 
window on a summer’s night with a gentle rainstorm 
brewing outside – fragrant moist cool air, ambient 
night sounds and rhythmically billowing curtains 
activated by gentle aperiodic air currents. Although the 
intent was to provoke discussion about the practice 
of installing inoperable windows, rather than point 
towards a possible design intention, the installation 
was so effective in generating the intended perceptual 
effect that it led me to deliberate about the design 
possibilities for generating different types of interior 
atmospheres by appropriating a mix of atmospheric 
phenomena; to generate rich immersive perceptual 
qualities and experiences.
2 spatial / temporal relationships 
Atmospheric phenomena do not only have a 
temporal code, as in the aperiodic fluctuations of air 
currents, but critically also a spatial code. They occur 
in time and are space specific. This understanding 
shifts our conception of atmospheric phenomena from 
the macro, large fronts of atmospheric activity, to the 
micro, highly localised phenomena whose boundary 
could be limited to a volume smaller then the size of a 
fist.
Throughout the project investigations, spatial 
/ temporal relationships were revealed to be an 
inherent character not only of air movement, but of 
all atmospheric phenomena. Highly defined spatial 
regions of atmospheric activity were often observed, 
which could appear, dissipate and reappear suddenly. 
Such regions would traverse the atmosphere much 
more slowly then the vigour of their internal movement 
might suggest. This phenomenon was consistently 
observed both outside and inside, and was confirmed 
through a quantitative analysis using a rig of three 
anemometers (3.2.C). 
This phenomenon was first observed early in Project 
1 (3.2. A, Leaves & Branches and 3.2. B, Capillary 
Waves). The latter, patterns generated by air currents 
on a lake’s surface, revealed this observation as a 
two-dimensional cross-section. These capillary waves 
often formed small pools of atmospheric activity with 
tightly defined boundaries, which were observed to 
move slowly across the lake’s surface, at a significantly 
slower rate then the air velocity required to generate 
them. The same phenomenon was revealed again in 
3.2. E & F (Streets of Manhattan & Manhattan Sky) only 
this time it was observed that adjacent phenomenon 
could be seen moving in different and sometimes 
opposite directions. Project 2 (Laser & Fog) and Project 
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4 (Ultrafine Water Vapour) revealed this phenomenon 
on a micro level with incredible nuance.  
To understand the perceptual effect of spatial 
temporal relationships, imagine two people sitting next 
to each other in a park, despite their close proximity, 
each may experience a different microclimate: one 
person might be cooled by a gentle breeze, while the 
other is still feeling warm from the sun before the 
cooling breeze reaches them (alliesthesia), and then 
the relationship switches. When we move through 
the atmosphere, we do not wait for the phenomena 
to reach us, but instead move through them; the 
atmosphere is not encountered as consisting of a 
singular phenomenon, but as an endless multitude of 
shifting experiential encounters, constituting nuanced 
and alternating sites of air currents, scents, warm and 
cool patches, radiant light and dappled shade, moist 
and dry air, updrafts and down drafts. 
Considering both spatial and temporal aspects 
is critical to a new approach to designing interior 
atmospheres; constructing an atmosphere of both 
ephemeral and fleeting phenomena that move 
within and through a space, as well as allowing for 
different spatial zones with their discrete atmospheric 
signatures. An interior atmosphere of alternating 
perceptual effect is in this sense of a higher order to 
aperiodic fluctuations.
3 transience: multidimensional 
movement of large volumes of air
The notion of transience encompasses exceedingly 
random, aperiodic and often highly nuanced and 
delicate phenomena that combine to build a complex 
and perceptually charged atmosphere.
The phenomena of transience was first observed 
in the ‘Streets of Manhattan’ investigations (3.2.E), 
where three adjacent jets of steam emanating from 
along the gutter of a street, approximately three metres 
apart, each exhibited their own independent trajectory, 
one meandering upwards in an easterly direction, 
one moving almost horizontally towards the north 
and the third rising westward. The ‘Manhattan Sky’ 
investigation (3.2.F) witnessed this phenomenon on 
a grander scale, where manifold forces, constantly 
changing in a four- dimensional space-time, acted on 
a large cloud of steam causing it to move in multiple 
directions at once. Later, with the ‘Laser and Fog’ 
projects (3.3), this phenomenon was observed with 
tremendous nuance. Bodies of air, virtually next to each 
other, appeared to move in opposite directions, and in 
all directions at once. 
The often leisurely but continuously fluctuating, 
multidirectional movement of air is posited as an 
inherent aspect of natural air movement and an 
important characteristic of pleasurable atmospheres 
(de Dear 2011). The dynamic, aperiodic and ever-
changing movement of air subtly and continuously 
stimulates the senses; typically at an almost entirely 
subconscious level.
The designer of interior atmospheres needs to 
allow for and encourage transient air by enabling self-
generating emergent systems of phenomena to spawn. 
This can be achieved through numerous strategies, 
including a given porosity between internal and 
external spaces.
4 complexity
Air can be observed to form highly complex and 
intricate patterns, and follow a multiplicity of vectorial 
trajectories, which are in a state of continuous flux and 
formation. 
The ‘Laser & Fog’ investigations (3.3), which 
used wafer-thin two-dimensional sheets of light 
into which vapour was introduced to render the air 
visible, revealed this phenomenon throughout the 
numerous iterations of these investigations where were 
characterised by an extraordinary complexity of pattern 
formations, reminiscent of fine lace, which moved in 
a multi-directional manner; each pattern seemingly 
independent in its formation and vectorial movement 
to the next. This complexity is closely related to, or 
even an inherent aspect of, transience, and understood 
as a carrier of nuanced and dynamic perceptual effect.
The conception of a fine-grain complexity of 
atmospheric phenomena serves as an important 
conceptual design tool to aid the envisioning of a 
dynamic, transient and subtle atmospheric system. 
5 sensitivity
Atmosphere responds with immense sensitivity to 
the slightest stimuli, such as a minute movement, a 
breath or the convection current rising from a finger. 
This phenomenon of atmospheric sensitivity was 
observed throughout the investigations. 
The ‘Laser & Fog’ visualisations (3.3) revealed the 
impact of the gentle opening of a door or a person 
walking through a space as grandiose gestures of air 
movement. Human breath could be observed travelling 
over a six metre distance and even the warmth from 
the tip of a finger resulted in clearly visible patterns, 
while convection currents from appliances such as 
heaters, generated much more agitated currents of air.
The superfine fog, virtually as light as the 
surrounding air, produced by the piezoelectric 
transducers in projects (3.4) also proved an excellent 
medium with which to observe this phenomenon. 
Being the same temperature as the surrounding air, 
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this dense fog does not rise like steam, but instead 
rests calmly until disturbed by an air current or other 
phenomena – and it does this with extraordinary 
sensitivity. The installation ‘Atmospheric Sensitivity’ 
(3.4.F) would react to the slightest action in one part 
of the gallery or to the faintest air current meandering 
through the voluminous gallery space.
The realisation that the atmosphere registers 
and responds with immense sensitivity to minute 
input informs a new conceptual understanding of 
how to approach the design of interior atmospheres; 
abandoning heavy-handed actions for a system of finely 
nuanced gradations of phenomena that together build 
a highly attuned interplay of perceptual stimuli.
6 connectedness
The conception of atmospheric connectedness 
establishes that the atmosphere is an interconnected 
body where acting on one part will result in a ripple 
effect that ultimately affects all parts. The air within 
a space may be thought of as a pool of water, where 
a slight disturbance at one end will cause a reaction 
at the other. Any such disturbance, although it may 
initially have a dominant vectorial trajectory, will 
ultimately radiate in all directions. Importantly, this 
phenomenon occurs across phenomena; a small body 
of warm air will not only dissipate its energy towards 
the larger body of air in a drive to reach a state of 
equilibrium (second law of thermodynamics) but 
also, by doing so, produce other phenomena, such as 
convection currents, which themselves then impact 
on the atmospheric body causing new phenomena 
and so on; building an emergent system of interwoven 
atmospheric phenomena. 
This phenomenon was observed repeatedly, from 
the ‘Laser & Fog’ (3.3) visualisation of heat dissipating 
from a radiator causing strong updraft currents to the 
surprise of seeing a gentle breath travel across a large 
space, or the effect a person had on the surrounding air 
by slowly walking through a room. Later investigations 
using cold fog (3.4) revealed how opening a door or 
window at one end of a house caused the air to react, 
almost immediately, in other parts of the house.
These observations resulted in the realisation 
that we, as occupants of a space, are contributors to 
the connected and emergent system of atmospheric 
phenomena, through our actions and the effect of our 
bodies. This changes how we perceive our relationship 
to the atmosphere: that we are not separate but part 
of it. 
The conception that an interior atmosphere is 
a connected system, where one action results in 
an ever perpetuating multiplicity of reactions and 
where one phenomenon results in the emergence of 
many phenomena, offers an interesting strategy for 
generating particular qualities of atmosphere. The 
designer can devise small actions or changes within 
an existing space, for example manipulating pressure 
systems and convection currents, with the intention of 
harnessing a pre-envisioned larger ‘knock on effect’ as 
a design outcome. 
7 self-stabilising atmospheric 
patterns & structures
Although air may be conceived of as an amorphous 
volume, the ability to form well-defined atmospheric 
structures, such as eddies or vortex rings – toroidal 
vortices – is a prevalent characteristic of air. Such vortex 
rings and other patterns are self-stabilizing and self-
propelling, and are often remarkably stable.
Distinct atmospheric structures were observed 
during the ‘Manhattan Sky’ investigations (3.2.F) 
and ‘Laser & Fog’ projects. In subsequent projects 
they were intentionally produced through a variety 
of devices as part of the ‘Generating Atmospheric 
Phenomena’ experiments (3.5). Here highly distinct 
vortices were generated and observed as they traversed 
through the atmosphere. Although these structures 
are self stabilising, their formation and trajectory as 
they propelled themselves through the space were 
none-the-less observed to be highly susceptible to the 
influence of other phenomena. 
Self-stabilising structures have an internal energy 
– spinning motion – which not only produces the self-
stabilising structure but also their motion; when these 
structures collide with a subject they are experienced 
as breezes. This effect may be utilised as a design 
strategy - where such collisions are orchestrated 
within a space to carry targeted breezes and other 
phenomena. In a broader context the recognition of 
how air forms such structures serves as a conceptual 
underpinning of the behaviour of atmospheric 
phenomena.
8 aperiodic atmospheric pattern 
formation
The regular appearance of distinct atmospheric 
patterns is a feature of fluid dynamics, these patterns 
are observed to appear, dissipate and reappear in an 
aperiodic fashion.
During the ‘Manhattan Sky’ project (3.2.F) the 
aperiodic formation of almost identical patterns in 
the clouds of steam were a key observation. Most 
remarkable was the regular spawning of vortices or 
eddies, which is a notable characteristic of turbulent 
flow. As scientist and writer Philip Ball suggests, 
turbulent flow “often retains the organized motions 
that spawn vortices.”29 The aperiodic formation of 
atmospheric patterns was witnessed throughout all 
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the investigations, most notably with the investigation 
using water vapour or cold fog (3.4). 
These patterns signify atmospheric activity, which 
in turn can bring perceptual effect, such as a sudden 
breeze of cold or warm air. But due to the aperiodic 
nature of this effect, when these organised motions 
form is invariably indeterminate.
Aperiodicity and the formation of recurring patterns 
are two important and related concepts, which allow 
the designer to conceptualise perceptual phenomena 
as patterns following an aperiodic temporal code; 
serving as a powerful conceptual tool when envisioning 
interior atmospheres.
9 fragility of atmospheric patterns
Many of the observed atmospheric patterns and 
phenomena were extremely fragile and would only 
appear under certain conditions. 
The ‘Laser & Fog’ visualisation (3.3) revealed highly 
complex patterns of air movement that were also very 
delicate and fragile. For example the gentle waving of 
a traditional Japanese paper fan resulted in these fine 
patterns being stimulated, but not destroyed; however, 
when an electric room fan was turned on the patterns 
instantly assumed the appearance of a formless 
billowing cloud – with no individual patterns of air 
movement discernable.
These fragile patterns of transient air are associated 
with ‘pleasurable’ atmospheric environments; swirling 
patterns of air movement. But the sensuous perceptual 
effects such patterns can generate is likewise highly 
fragile. The designer of interior atmospheres must 
be sensitive to the nuances of how air within an 
environment acts and reacts when manipulated and 
needs to carefully consider the impact any device or 
system has upon this fragile complexity of atmospheric 
phenomena.
10 vortex / eddies – turbulence
A vortex is a body of fluid, gas or particles, which 
spins on an imaginary axis with its (rotational) velocity 
greatest at its centre and decreasing inversely to 
the distance from its centre. A vortex is generally 
considered more structured and less likely to decay 
rapidly, whilst eddies soon decay into a cascade of 
turbulent flow. These phenomena were observed in all 
projects visualising atmosphere.
The mesmerising paisley pattern of air currents 
first observed during the Laser & Fog visualizations 
evidenced a delicate weave of emergent vortices 
and eddies as the dominant pattern describing air 
movement, and they are a dominant feature of 
turbulent flow. Air was never observed to move in 
an entirely laminar fashion and even the relatively 
directional trajectory of exhaled air – from a human 
breath - was spearheaded by a dipolar vortex followed 
by trailing eddies. 
Likewise, the projects using water vapour or cold 
fog (3.4) with which to observe air, revealed that all 
air movement would ultimately produce the spawning 
of vortices and eddies. Larger, more energetic toroidal 
vortices produced using specially designed devices (3.5) 
revealed the enthralling and highly organised pattern 
of the vortex and showed how any atmosphere, even 
one that is relatively controlled, is in constant flux; 
with each toroidal vortex taking a different trajectory 
through the atmosphere to the next. Observing the 
path of the toroidal vortex also demonstrated how a 
discrete body of air could tunnel its way through the 
larger body of surrounding air, again highlighting the 
spatial / temporal complexity of atmosphere. 
Envisaging atmosphere as a turbulent sea of eddies 
and vortices, each carrying, and the result of, a complex 
interplay of phenomena, instead of an organised traffic 
of air currents, allows the designer to work from a more 
dynamic, multifarious and playful conception of interior 
atmosphere. 
11 wave formation
A wave carries energy through a medium – space 
and matter – in an oscillating motion of peaks and 
troughs. 
When observing the behaviour of ‘natural’ 
outside air, capillary waves on the surface of water 
evidenced the presence of localised breezes, but 
the waves themselves were presumably the result 
of the surface tension of the water. Subsequent 
projects using ultra fine water vapour – cold fog – 
generated by piezoelectric transducers revealed air, 
under certain circumstances, to likewise assume and 
move in wavelike formations, but the most curious 
observation of the wave motion of air was rendered on 
the surface of Ted Kahn’s kinetic façade Turbulent Line. 
The façade, consisting of over 250,000 individually 
hinged aluminium panels, which sway when excited 
by air currents, showed distinctive capillary-like wave 
formations. As the motion of each plate is entirely 
independent to any adjacent plate, the explanation of 
surface tension causing the appearance of capillary 
waves does not apply. This led me to postulate that 
wave formation is instead an inherent characteristic of 
air movement.
Air moving in waves would perceivably produce 
a different perceptual effect then air moving in one 
homogeneous volume. The specific amplitude and 
frequency of such waves would likewise result in a 
particular physiological impact; and varying these 
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parameters would stimulate the body in different ways.
The wave motion of air could perceivably be an 
important contributor to the perceptual qualities of 
an atmosphere, and manipulating these formations – 
their amplitude, frequency and period – could be an 
important aspect of designing interior atmospheres. 
12 convection currents
Convection currents, resulting from a temperature 
differential, generate meandering trails of atmospheric 
activity carrying warm or cold air.
The Laser and Fog visualisations (3.3) demonstrated 
that even the relatively small amount of heat radiating 
from a fingertip was sufficient to produce clearly visible 
currents of rising and swirling air.  Electric radiators 
on the other hand produced effusive atmospheric 
motion, which was not only apparent through the 
visualisation, but registered strong airflow readings on 
an anemometer. 
Convection currents are perceptually evidenced 
by both a movement of air and in the difference in air 
temperature they carry, from the warmth rising from 
a radiator or open fire on a chilly night to the cold 
draft of air rushing from under a door. The different 
qualities of air and air movement, cold and warm, still 
and active, can generate highly sensual and experiential 
phenomena.    
Such currents play a critical part in weather 
systems and can likewise be used for constructing and 
influencing an internal weather system. The designer of 
interior atmosphere can employ both the tremendous 
capacity of convection currents to move and stir air 
within a space as well as the sensual aspects of air 
movement and variation in temperature as a potent 
design strategy.
13 atmospheric pressure systems
Atmospheric pressure systems are a vital engine in 
driving the world’s weather, but such systems are also 
clearly present on a smaller  - terrestrial – scale. The 
first observation of a pressure system at play within 
an interior atmosphere occurred during the Laser & 
Fog explorations (3.3) when opening a door was seen 
to have an almost immediate effect on the air in other 
parts of the lofty warehouse space. In the same session 
a person walking through the space was observed to 
create a grand impact on the surrounding air. This effect 
was again observed during later explorations using ultra 
fine water vapour – or cold fog (3.4). As people walked 
past the fog it appeared to follow them. The force of 
walking, or any such action, causes a low-pressure 
zone into which the surrounding air, including the fog, 
is drawn; this was revealed as a swirling pattern of 
air suggesting that vortex formations are a dominant 
feature of this phenomenon. 
The most dramatic observations occurred while 
investigating how air moves through windows, doors 
and connected internal spaces. Whenever a window 
or door was opened or closed, the nature and pattern 
of air currents changed, but rarely in a predictable 
way. Opening or shutting a window or door in one 
part of a house would alter the flow of air, sometimes 
almost instantaneously, in another part of the house. 
This almost instantaneous reaction caused some 
consternation as it could not be explained by the flow 
of air itself – air moving at say 2 m/s would be expected 
to take ten seconds to travel twenty metres – and must 
be the result of some other phenomenon at play, such 
as a change in the pressure system in the house.
The manipulation of pressure systems, which play 
such a key role in influencing the behaviour of the 
external atmosphere, offers a fertile design strategy in 
modulating and building complex and dynamic interior 
atmospheres.
14 internal / external weather 
system relationships
Weather systems are a dynamic mix of atmospheric 
phenomena, breezes and storms, downdraughts and 
updraughts, carry smells and other airborne matter, 
as well as changes in air temperature, atmospheric 
density, humidity and rain, snow and hail.
The atmosphere within interior spaces was 
observed to form internal weather ‘systems’ with their 
own distinct patterns of atmospheric phenomena, and 
it was noted that the behaviour of this internal weather 
system was evidently influenced by the external 
weather system. 
Discovering the presence of weather systems at 
play within internal spaces was an unforseen upshot of 
two key project explorations installed at RMIT Gallery 
in 2011ii. The first involved ‘Atmospheric Sensitivity’ 
(3.4.F), a long narrow shelf on which a layer of cold fog 
responded to the atmosphere within the gallery and 
the actions of the visitors. Installed in the voluminous 
main hall of RMIT Gallery 1, the original aim of the 
device was to allow visitors to observe and interact 
with atmospheric phenomena, and to document their 
engagement and impacts on the interior atmosphere 
as part of the research. It was also an opportunity to 
repeat previous experiments with greater accuracy 
due to the larger surface area of fog being observed. 
But whilst undertaking this investigation a further set 
of phenomena became evident, the fog resting on the 
shelf would manifest different formations at different 
ii  Aesthetics of Air: RMIT Gallery, Melbourne, 14 April – 
28 May 2011.
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times of the day and from one day to the next. This was 
most apparent when the outside weather changed – 
or was about to change. Even though the gallery was 
closed off from the outside and fully air-conditioned, 
the microclimate inside the gallery appeared to remain 
connected to and influenced by the outside.
The second set of observations involved the 
installation ‘Atmospheric Structure’ (3.4.A), a 
sophisticated automated device designed to produce 
identical vortex rings, one every minute over a six 
week period. The device was installed in Gallery 4, a 
long narrow space in which the surrounding air was 
carefully controlled. Nevertheless each ring took a 
different trajectory and evolved into a different form 
– some compact rings moved quickly followed by 
larger rings proceeding lethargically – in an altogether 
unpredictable way, as the internal atmospheric system 
at play within the gallery impacted differently on each 
vortex ring, from one minute to the next. Even though 
the apparatus was precisely tuned, on occasions the 
vortex rings would dissipate immediately. After much 
experimentation to re-tune the device, I realised that 
there was a clear connection between external weather 
patterns and those inside the conditioned gallery space, 
and that this greatly effected the formation of vortex 
rings.  
Just like the larger external weather system, 
internal weather systems carry dynamic atmospheric 
phenomena and perceptual effect. The interactions 
between these systems, once clearly grasped, could act 
as an ‘engine’ for an emergent interior atmosphere to 
link perceptual qualities of external and internal air. 
15 people as contributors to the 
internal atmospheric system
People in an interior space can be significant 
contributors to the qualities and phenomena of the 
interior atmosphere - through body heat and odour, 
breathing, movement and other actions.
The impact of the presence of people on interior 
atmosphere was first observed during the Laser and 
Fog explorations (3.3).  Typical actions of habitation 
such as body movements, walking, opening and 
closing doors were revealed as grand gestures of 
air movement. Most surprising was the impact of 
a human breath as it traversed the space. A visible 
trail, sometimes over six meters long, was observed 
moving through the ‘irradiated’ air. Even the convection 
currents caused by body heat could be clearly seen to 
stir the air. 
This intimate connection between human presence 
and actions, and their impact on air, emerged as 
an important theme of these and subsequent 
investigations.  Several iterations of the ultra fine water 
vapour – cold fog – (3.4) installations were sited in 
gallery spaces to both observe how people impacted on 
the interior atmosphere and to enable people – gallery 
patrons - to observe their impact on the air as they 
moved through the space. Many patrons experimented 
at length with a range of body movements – breathing, 
blowing, waving their hands and walking – fascinated 
by the visualised impact of each action.  
It would be difficult for the designer of interior 
atmospheres to include the interaction of people and 
the interior atmosphere as a design strategy, except in 
controlled, site specific installations, but knowledge of 
how and the extent to which people effect the interior 
atmosphere they inhabit needs to be considered when 
designing interior atmospheres. 
16 scent, space & materiality
Scent, present in an interior atmosphere – the smell 
of a room - can effect our perception of that space; 
scent can even come to define a space. The materiality 
from which a space is constructed, the things housed 
within it, and the people and activities that occur there 
contribute their own unique smell to the space and 
enact an phenomenological effect upon us, which is 
deeply intertwined with our physiology and psyche; 
influenced by personal experiences, associations, and 
memories. Smell - and the memory of smell - combines 
with other perceptual phenomena to build internalised 
phenomenological images of a space, often generating 
deep spatial connections within us. Scent is a strong 
memory trigger able to transport us across space 
and time by unlocking such connections – sometimes 
from our distant past – conjuring them into our 
conscious present. The limits of our ability to describe 
phenomena such as smell and the scant vocabulary 
that exists with which to do this hints at the complex, 
ambiguous and intangible way that smell effect us, at 
both a conscious and subconscious level.
Although the responses and connotations smell 
engenders are unique to each person, there is also a 
connectedness between people when associations 
arise from shared experiences, for example in relation 
to the smell of baking bread. As Husserl’s concept of 
empathy30 clarifies – these experiences need not be 
physically shared; they can be shared as part of our 
collective psyche. A poem from a long forgotten time 
and culture can have the remarkable ability to awaken 
phenomenological images within us.  
The projects – installations - exploring scent (3.6) 
revealed the strong relationships that exist between 
people and the scent of a space or the scents present 
in a space. Relationships associated with smell that may 
be generated by activities that occur typically within a 
space, such as woodworking or cooking; people present 
in a space, their perfume and body odour; or belonging 
to a specific occupant of the space, the scents emitted 
by their personal belongings, furniture and so on even 
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when they are absent. It also became evident that 
people hold a deep fascination with scent, shown by 
their thoughtful and immersive engagement with these 
scent installations. A recurring observation from these 
projects was that people often perceived a smell but 
could not identify it; and even when unable to make a 
cognitive connection to its source, they confirmed that 
the smell still affected them – often reviving memories 
and transporting them through space and time – an 
experience that they found difficult to explain.
An understanding of the importance and complexity 
of smell needs to underlie any approach to the design 
of interior atmospheres, not to necessarily imbue an 
atmosphere with a particular scentiii, but more crucially 
to allow for the dimension of smell in its own right to 
exist as part of the atmospheric encounter. Thought 
needs to be given to how air circulates through a space 
and connected spaces along with consideration to the 
materiality of the space and how it has been crafted, 
in terms of scents that are emitted. Certain spaces may 
acquire a signature scent through the things and people 
associated with that space. The ability to heighten the 
sensory qualities of a space will play an important role 
in the construction of perceptually rich and dynamic 
interior atmospheres.
17 scent and movement: scent 
spheres
Scent moves with the air, and thereby comes to 
reveal and describe the movement of air. A scent 
consists of a set of molecules that have come loose 
from an object, liquid or thing. For us to perceive a 
smell it needs to first travel from that thing to our 
nose; importantly, it may come to us gradually and 
sometimes subconsciously. But we can also come to it.  
Juhani Pallasmaa’s concept of Scent Spheres31 captures 
the notion that smell moves and traverses space in 
the most curious way, as an invisible amorphous cloud 
without any distinct boundaries, and as we move, we 
may enter a Scent Sphere or it can come to us – and 
enter us.
Consider how smell moves through space, for 
example, during the act of cooking, which generates 
volatile molecular compoundsiv. The smell may soon fill 
a house, but because smell travels with the air and has 
no way of moving itself, such an observation becomes 
instructive in revealing how air constantly circulates 
throughout a space. A smell moving from one space to 
another – such as the smell from cooking – can signal 
activities occurring or being performed by others in 
iii  At times it may be desirable to imbue an atmosphere 
with a particular scent to off-set unpleasant associations triggered 
by a residual scents associated with that space - such as in a 
hospital ward.
iv  Heat which excites and looses molecular bonds 
shakes many compounds loose form a liquid or solid causing 
them to enter the surrounding air.
adjoining spaces. This phenomenon was made visible 
during the ‘Visualising Air Phase 2’ (3.3.E) exploration 
at Craft Victoria Galleries where scanning laser light 
was used to reveal the clouds of vapours emitted, as 
food was being cooked and then served. On the other 
hand, the ability for a smell to slowly accumulate within 
a space can not only connect us to the space, based on 
our perception of the smell, but also reveals something 
about how the air moves - lingers – within that space. 
The design of interior atmospheres may include 
possibilities of discrete scent spheres existing in 
different spatial locations, to mark or define that space, 
or, on the other hand, for the possibility for scent 
clouds to traverse through spaces as an informal form 
of communication.
18 humidity and density: the weight 
of air
Atmospheric humidity and density are complexly 
intertwined phenomena in terms of the physical 
properties of air and the physiological – perceptual 
– effect they engender.  Cold dry air can feel thin and 
light, but is in fact denser and heavier, whilst warm 
humid air feels thick and weighty, but is in fact thinner 
and lighter: the molecular bonds of warm air are more 
excited – pushing them apart - reducing its density, 
whilst water molecules are lighter then air reducing 
its relative atmospheric weight. These seemingly 
contradictory phenomena point to the complex 
relationship between the physics and physiology of 
atmospheric phenomena. Altitude further affects the 
density and hence weight of air, as do weather related 
atmospheric pressure systems, and all these variables 
are in constant flux, impacting significantly on how air is 
perceived - how it feels. 
At the extremes we may consider high altitude 
mountain air as feeling light, dry, cool and thin, and 
tropical air as feeling warm, humid, sticky, thick and 
heavy. But humid air can also feel lush and sensual; 
sound travels differently through humid air and 
the sense of smell is amplified.32 Humid air lowers 
the evaporative cooling effect of the body, thereby 
requiring higher levels of air circulation, but this also 
increases the design potential for exploring cooling 
breezes. Whilst dry thin air can feel fresh, cool and 
clean, it can also irritate the skin and effect breathing: 
respiratory problems such as asthma are exasperated 
by dry air.
This complexity poses a conundrum to the designer 
of interior atmospheres, but likewise presents many 
opportunities to explore these fascinating perceptual 
properties. 
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19 soundscape
The movement of air not only generates sounds we 
hear - whistling wind, rustling leaves, rattling windows, 
whooshing fan blades, tinkling chimes; but also carries 
sound - as pressure waves moving through the air – 
passaging the chorus of the external world into the 
interior, or from the interior out. This soundscape 
of environmental and manmade sounds forms what 
Murray Schafer and Barry Truax refer to as an ‘acoustic 
ecology’.
Diedrich Diederichen33 describes how we typically 
perceive such soundscapes through ‘peripheral 
hearing’; applying unconcentrated, fleeting and casual 
attention. Like smell, our awareness of sound is often 
almost at the subconscious level. Being simultaneously 
aware of and perceptually – fleetingly - immersed in 
both the inside and outside, and floating between, 
as well as in and out of these two conditions, is a 
poetic moment of connection; between the internal 
and the external world, attention and inattention. 
Sound has the ability to simultaneously integrate and 
unfold space, the interior with the exterior, and the 
interior into the exterior. These notions are important 
metaphors for reconceptualising interior atmosphere. 
Determining how and to what degree to manipulate 
the relationship between internal/external sound 
environments as well as allowing for a modulated 
slippage between the interior and external soundscape 
is an important element for the designer of interior 
atmospheres to consider. 
20 porosity
Porosity is the condition that allows atmospheric 
phenomena - such as breezes, moisture, temperature, 
smell, sound and light - to move in, out and between 
atmospheres: between multiple internal atmospheres 
and between internal and external atmospheres. 
The word ‘pore’ derives from the Greek word 
‘poriferous’ meaning ‘passage’ (Macquarie Concise 
Dictionary 2001), and like the pores of our skin a 
building has an external and numerous internal 
membranes that can regulate the relationship between 
atmospheres. The ability to open and close windows 
and louvers, and to draw drapes, blinds and curtains, 
enables us to modulate how much of the outside we 
allow in and conversely how much of our interior lives 
we choose to share with the outside world; to either 
cool and freshen, illuminate, and engage with the 
exterior world and phenomena or minimise, isolate, 
withdraw or altogether shut it out. 
Numerous projects explored this dynamic interplay. 
How air moves through internal spaces, and in and out 
through doors, windows and other apertures. ‘Night 
Window’ (3.7) explored what is lost when such porosity 
is interrupted and allowed a reimagining of the rich 
experiential qualities – physiological and psychological 
- that encompass a porous interplay of atmospheric 
phenomena: internal with external. The installations 
Atmospheric Sensitivity (3.4.F) and Atmospheric 
Structure (3.5.A) revealed that even in a seemingly 
hermetically sealed space, one designed to lock out 
the external atmosphere, a certain porosity persists – 
allowing external atmospheric pressure systems to have 
a remarkable effect on the interior atmosphere.  
The ability to modulate the interplay of atmospheric 
phenomena is crucial for the ‘reconceptualised’ 
design of dynamic and sensual interior atmospheres; 
and to enable an endless spectacle of incidental and 
unexpected events and phenomena which beat a 
syncopated a-periodic rhythm that is seldom unfamiliar, 
simply unexpected and of the moment. The first act for 
the designer of interior atmospheres is to recognise, 
and allow for, a phenomenological conversation 
between atmospheres to take place. At a more 
sophisticated level the designer can explore and play 
with all possible interactions and collisions of existential 
and organic phenomena, working at the boundaries of 
the exterior and interior as one fluid space; engaging 
sound, light, air, breezes, smells, humidity and 
temperature, which together orchestrate an ambient 
composition of perceptual encounters.
4.4 reconceptualising interior 
atmosphere
Reconceptualising interior atmosphere involves 
abandoning the current paradigm of the steady-state 
‘comfort zone’ - cool, still air set within an hermetically-
sealed container - and engaging with the ‘adaptive 
model of thermal comfort’, with its recognition that 
geographic, climatic, social and cultural variance and 
specificity play a major role in how interior atmosphere 
is perceived and experienced; and exploring the 
possibilities this new paradigm offers for designing with 
air as both medium and aesthetic encounter. 
Critically, reconceptualising interior atmospheres 
requires engaging with both physiological and 
psychological aspects of human perception of and 
responses to air, as vital factors. Pertinent in this 
engagement is the notion of alliesthesia where 
unexpected phenomena, a casual breeze for example, 
will momentarily awaken our perceptive consciousness 
- even if only on the periphery where subconsciously 
we anticipate such reviving phenomena  - to stimulate 
and refresh.
Essential is devising a design method where the 
dynamic dialogue between interior and exterior 
atmospheric phenomena (smells, air, breezes, sounds, 
temperature differentials) and all the fine nuances, are 
integral to the approach; with the mechanics of the 
exchange itself exploited to become an engine, at least 
in part and when applicable, that drives the interior 
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atmospheric system. And garnering the vast potential of 
technological possibilities and ambient intelligence to 
create environments that are sensitive and responsive 
to their occupants and atmospheric systems; and to 
use these two systems (natural and technological) in 
concert.
The ‘Catalogue of Atmospheric Phenomena’ is 
the basis for a rich design palette, which offers a 
tangible approach for designers engaging with air – the 
‘forgotten’ design element – to generate an interplay 
of phenomena, as a dynamic emergent system; 
characterised by transience and dynamics, aperiodic 
fluctuations and anisothermal environments, which 
are delicate, ambient and poetic; Interior atmospheres 
individually tailored to the purpose and desires of the 
occupants, which can adapt and evolve as the use of 
the space changes – in tune with diurnal and seasonal 
rhythms and the syncopated beat of daily life; where 
occupants are afforded participation in modulating 
their environment, now active shapers of their interior 
atmosphere; interior atmospheres engendering an 
aesthetics of air.
4.5 where to next?
A key question of this research was how to conceive 
of air, a medium that is invisible and largely intangible, 
in a way that would inform its use as a tool of design for 
shaping interior atmospheres. This required an original 
phenomenological method to be developed with which 
to rigorously interrogate the variety of atmospheric 
phenomena, and for that knowledge to serve as a 
palette of design possibilities. 
The second part of the question – How to design 
with air? – required an in-depth investigation into the 
forces, historical and current, that shaped the current 
paradigm of ‘engineering’ interior atmospheres to 
critically evaluate the logic upon which it was built. 
With this understanding I could reconceptualise the 
design of interior atmospheres and create a basis from 
which to undertake the designing and prototyping of 
atmospheres, and the required devices and systems – 
systems of devices - that generate, modulate and shape 
them.
Conducting this research as a mid-career design 
practitioner and academic has fundamentally shifted 
my design approach and practice. It has also heavily 
informed my teaching practice and has established 
a publication and exhibition practice. With my 
understanding of the complexities of atmosphere 
developed over the course of this research, and the 
colleagues I have identified and connected with in the 
field, I now look forward to undertaking the informed 
design of interior atmospheres for daily living and 
working. As such, the inquiry that I had originally 
intended to do can now begin with confidence.
Aesthetics of Air
154.
Fig. 4.1
Catalogue of Atmospheric Phenomena 
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  Atmospheric Structure, Aesthetics of Air, RMIT Gallery, April – May 2011. Malte Wagenfeld 2011.
Fig 3.79  A connection was presumed between the internal and external atmospheric phenomena..  
  Atmospheric Sensitivity, Aesthetics of Air, RMIT Gallery, April – May 2011. Malte Wagenfeld 2011.
Fig 380  The smell artist and scientist Sissel Tolass in her studio. Sissel Tolass. 
Fig 3.81  The entrance to Urban Interior Occupation. Urban Interior Group. 
  Craft Victoria Gallery, Melbourne. Malte Wagenfeld 2008.
Fig 3.82  Crafty Smells. Urban Interior Occupation. Urban Interior Group. Craft Victoria Gallery, Melbourne.  
  Malte Wagenfeld 2008.
Fig 3.83  The installation under construction. Malte Wagenfeld 2008.
Fig 3.84  A visitor exploring the smells. Malte Wagenfeld 2008.
Fig 3.85  The installation ‘Outside-In Smell’. Urban Interior Occupation. Urban Interior Group. 
  Craft Victoria Gallery, Melbourne. Malte Wagenfeld 2008.
Fig 3.86  Map showing where some of the ‘outside’ smells where located. Google Maps. 2013
Fig 3.87  Architectural drawing for the Bundoora Homestead. Healy, Jacqueline ed. Bundoora Homestead:  
  The Smith Family Era 1899 – 1920. Bundoora, Vic.: Bundoora Homestead Art Centre, 2007. 
Fig 3.88  Advertisements from circa 1910. Malte Wagenfeld 2010.
Fig 3.89  Making Scents of High Tea, smell installation. High Tea, Bundoora Homestead Art Centre, 2010. 
  Malte Wagenfeld 2010.
Fig 3.90  The installation and visitors exploring the sent-scape.  Making Scents of High Tea, smell   
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  installation. High Tea, Bundoora Homestead Art Centre, 2010. Malte Wagenfeld 2010.
Fig 3.91  The installation Threshold 1 by Jason Parmington, Cloudy Sensoria. 
  Bundoora Homestead Art Centre. Malte Wagenfeld 2011.
Fig 3.92  The installation Cloud Sound by Chris Cottrell, Cloudy Sensoria. 
  Bundoora Homestead Art Centre. Malte Wagenfeld 2011.
Fig 3.93  Original floor plan for the homestead showing the location of the exhibit, Night Window. Healy,  
  Jacqueline ed. Bundoora Homestead: The Smith Family Era 1899 – 1920. Bundoora, Vic.:   
  Bundoora Homestead Art Centre, 2007.
Fig 3.94  Night Window (1928), Edward Hopper. New York Museum of Modern Art.
Fig 3.95  Model of Night Window. Malte Wagenfeld 2011.
Fig 3.96  Program scripting using the Arduino. Malte Wagenfeld 2011.
Fig 3.97  The installation Night Window. Cloudy Sensoria. Bundoora Homestead Art Centre. 
  Malte Wagenfeld 2011.
Fig 3.98  A visitor with Night Window. Cloudy Sensoria.  Bundoora Homestead Art Centre. 
  Malte Wagenfeld 2011.
Aesthetics of Air
170.
Appendices
171.
appendix 1: 
air word models
Aesthetics of Air
172.
Te
m
pe
ra
tu
re
 
Hu
mi
dit
y
 
Density
Velocity
Vectorial
Cli
ma
tic
Contamination
Odor
 Tem
poral / Frequency
swee
t 
 
putri
d
pure 
 
 
polluted
d
ire
c
tio
n
a
l 
c
h
a
n
g
in
g
 
c
h
a
o
tic
s t e
a
d
y
 
i n
t e
r m
i t t e
n
t  
c
h
a
n
g
i n
g
s t i l l  
g e n t l e  
m i l d  
f i r m  
s t r o n g
dr
y  
 
 
 
 
 
 
w
et
co
ld
 
co
o
l 
m
il
d
 
w
a
rm
 
h
o
t 
t h i n  
 
 
 
t h i c k
sp
a
ti
a
l 
 
w
e
a
th
e
r
The Aesthetics of Air
plotting of 'air' words and terms on nine radial vectors
Air Conditioned Air
Generic 'standardised' air conditioned air.
Anywhere anytime.
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Night air on a mild early autumn evening; Melbourne Australia
Thornbury, 8:40, 19th April 2007
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Cellar Air
71 Newman Street, Melbourne
11th May 2007
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Night Air
Night air on a mild early autumn evening; Melbourne Australia
Thornbury, 8:40, 19th April 2007
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Sea Breeze
Sea breeze on a mid summers day; Noosa Australia
January 2007
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interviews with crafts people for the ‘crafty smells’ installation: craft 
victoria 2008.
Bespoke shoemaking: Brendan Dwyer
Brendan Dwyer has a small studio space in the centre of Melbourne on level three of the Nicholas Building; a 
landmark 1920s ‘Chicago Style’ office building, which houses a vast array of artist and craft studios. Brendon spoke 
about how he often selects leather by its smell. Pulling a few samples out of a large box, he excitedly handed me 
a light coloured leather sample, which had a very strong sweet scent. According to Brendan the tanning process 
plays a big part in how the material smells. More industrial methods using strong chemicals such as chromium 
sulphate can obscure the natural scents; chrome-free and naturally-tanned leathers are preferable. Apart from 
the leather itself, the oils and polishes such as Dubbin used to treat the leather add a further series of scents 
as do the adhesive used to glue the last to the sole; again Brendan chooses his adhesives, such as gum rubber, 
carefully to compliment the smell of the leathers. Smelling the inside of one of his bespoke shoes confirms that 
the amalgamation of smells, the leather, the oils, polish, adhesives and so on, combine to construct a significant 
perceptual experience of the crafted object. Likewise the scents mix throughout his studio, and change depending 
on what process of shoe making is being undertaken, generating important perceptual qualities of the studio space.
Textile Artist: Ilka White
Two floors up, on the fifth level of the Nicholas Building is the studio of textile artist and weaver Ilka White. Ilka’s 
studio has a warm soft smell to it, less manifest then Brendan’s but still very evident. Ilka speaks of a strong 
connection between the material and its place of origin; smell, she says, plays a very important part. She pulls out 
a number of pieces of different silk; to my surprise each has a markedly different scent. One piece in particular, 
a Japanese silk, has a particularly unique scent; I keep burying my nose in it as it reminds me of my grandmother 
as she often wore silk scarves and blouses. Silk from China and Italy smell quite different. Next Ilka hands me two 
different samples of raw wool fleece; again, each has a distinctive musty sweet aroma. Some people do not like the 
smell of raw fleece, but we both agree it is very special and redolent, very animalistic. Then Ilka opens numerous 
containers of seashells, which she intends to use for making sequins; some exude pungent sea-like smells, others 
are more subtle.
Gold and Silversmith / Jeweller: Sally Marsland.
Jeweller Sally Marsland was currently moving her studio so I spoke with her over the phone. Sally mentioned that 
metals definitely have a smell, though she wondered if it was in fact a taste experienced when working with them, 
especially the dust from filing and cutting. At the time she was working with slate, and noted that this also had 
a distinct smell, or again perhaps a taste. Bone is another material she often works with, which definitely has a 
smell, especially when it is being cut. Flux for soldering such as borax (sodium tetraborate) gives off a strong smell 
when heated as heat loosens molecular bonds. Sally also listed liver of sulphur – used to blacken silver – and metal 
polishing compounds such as rouge; polishing aluminium in particular generates a very ‘metallic’ smell, which stays 
in your nasal passages for some time. Wet emery paper has a unique smell, and even small rocks and gems have a 
certain smell to them.
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Cabinetmaker: Damien Wright.
Custom furniture maker Damien Wright chooses the timbers he uses with great consideration, and he says that 
smell plays a big part. He speaks of a longstanding tradition in the craft of using smell for both aromatic and 
functional proposes, such as using Camphor Laurel for making clothes drawers and wardrobe not only because 
of the fresh scent it gives clothes, but also because it is a natural insect repellent. When I visited his studio in 
Northcote in Melbourne’s inner North he was working on a commission for a cabinet to house a client’s whisky and 
cigar collection. Damien chose a Queensland Walnut for its rich deep-brown colour and musty masculine ‘dog-poo’-
like smell, which complemented the earthy tobacco smell of handmade cigars, and the peaty and smoky aromas 
of whisky. Damien explained that many of his clients are lawyers and business people whose profession centres 
on the written and oral. When they enter his studio they are instantly drawn to the powerful smells that permeate 
throughout the space, which, he says, they tend to romanticise. Damien rummages through his offcut bins to find 
samples, pulling out whatever timber has a strong scent. He is clearly not only very familiar with the timber types, 
but also with their olfactory properties; Australian Cedar, Cedar of Lebanon, Indian Camphor, Australian Walnut, 
Satin Box, several ‘bitter’ smelling desert timbers and so on. He also mentions the importance of the different 
scents given off by the waxes and oils with which timbers are finished such as beeswax, linseed oil, citrus oils, 
linseed oil, Danish oil and Tung oil. 
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Air	  –	  Conditioning	  Faults	  -­‐	  emails	  
	  
	  
Subject:	  	  
Air-­‐conditioning	  Bld	  88	  
Creation	  Date:	  
Mon,	  Jan	  31,	  2011	  10:18	  AM	  
	  
Please	  disseminate	  the	  following	  information	  to	  all	  relevant	  staff	  and	  students,	  including	  all	  members	  
of	  each	  designated	  work	  group	  in	  your	  building.	  
	  	  
Air-­‐conditioning	  	  Bld	  88	  
	  	  
Property	  Services	  have	  been	  advised	  the	  air-­‐conditioning	  problems	  currently	  being	  experienced	  
through	  out	  Bld	  88	  are	  being	  addressed	  by	  the	  Managing	  Agent's	  contractor,	  	  we	  hope	  to	  have	  the	  
problem	  rectified	  as	  soon	  as	  possible.	  	  We	  will	  keep	  you	  updated	  on	  the	  situation.	  
	  	  
Please	  refer	  al	  queries	  to	  Leasing	  Co-­‐ordinator	  	  
	  	  
Regard	  
	  
	  
Manager	  
Client	  Relations	  
Corporate	  &	  Client	  Services	  
Property	  Services	  
RMIT	  University	  
	  
_____________________________________________________________________	  
	  
Subject:	  	  
RE:	  Air	  Cond.	  Building	  88	  
Creation	  Date:	  
Tue,	  Feb	  1,	  2011	  11:44	  AM	  
	  
Good	  morning,	  
	  	  
Please	  be	  advised	  that	  Property	  Services	  has	  received	  advice	  from	  the	  Managing	  Agent,	  that	  
technicians	  are	  currently	  on	  site	  and	  have	  resolved	  the	  mechanical	  services	  problem.	  
	  	  
One	  of	  the	  chillers	  was	  off	  line	  but	  it	  is	  now	  functioning	  and	  it	  will	  take	  a	  short	  time	  for	  temperatures	  
to	  be	  corrected.	  
	  	  
Given	  this,	  staff	  should	  progressively	  feel	  an	  improvement	  in	  conditions	  over	  the	  next	  hour	  or	  so.	  
	  	  
Thanks	  for	  your	  patience	  in	  this	  matter	  and	  please	  feel	  free	  to	  call	  me,	  should	  you	  wish	  to	  discuss	  this	  
further.	  
	  	  
Cheers,	  
	  	  
Manager,	  Client	  Relations	  
Property	  Services	  
RMIT	  University,	  Melbourne	  Australia	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Subject:	  	  
RE:	  Air	  Cond.	  Building	  88	  
Creation	  Date:	  
Tue,	  Feb	  1,	  2011	  11:44	  AM	  
	  
Recipients	  
	  
Dear	  all,	  
	  	  
We	  have	  been	  advised	  that	  one	  of	  the	  chillers	  servicing	  Building	  88	  is	  malfunctioning.	  
We	  understand	  that	  the	  eastern	  	  sides	  of	  the	  building	  on	  Levels	  3	  and	  10	  are	  extremely	  warm.	  
Contractors	  are	  currently	  on	  site	  	  endeavouring	  to	  fix	  this	  situation.	  
	  	  
Whilst	  we	  have	  been	  assured	  by	  the	  Managing	  Agents	  that	  they	  are	  doing	  all	  they	  can,	  Property	  
Services	  is	  continually	  chasing	  them	  up	  for	  status	  updates.	  	  
	  	  
We	  appreciate	  your	  patience	  with	  this	  issue	  and	  we	  are	  doing	  everything	  we	  can	  from	  our	  end.	  
	  
	  	  
	  Commercial	  Services/Leasing	  Coordinator	  
Corporate	  and	  Client	  Services	  
Property	  Services	  
RMIT	  University	  
	  
_____________________________________________________________________	  
	  
	  
Creation	  Date:	  
Thursday,	  March	  10,	  2011	  12:23	  PM	  
	  
Dear	  colleagues,	  
	  	  
Further	  to	  the	  ongoing	  complaints	  with	  regard	  to	  the	  heating	  and	  air	  conditioning	  (HVAC)	  systems	  at	  
Building	  88,	  a	  report	  has	  been	  commissioned	  by	  the	  managing	  agents	  Kliger	  Wood.	  	  We	  anticipate	  this	  
report	  to	  be	  completed	  shortly,	  and	  it	  should	  be	  received	  by	  the	  end	  of	  next	  week	  for	  review	  by	  the	  
managing	  agents.	  
	  
We	  appreciate	  that	  comfort	  levels	  across	  a	  number	  of	  floors	  have	  been,	  and	  still	  are	  in	  some	  cases,	  
far	  from	  satisfactory.	  	  As	  such	  we	  intend	  to	  bring	  temperatures	  to	  more	  acceptable	  levels	  using	  the	  
findings	  of	  the	  report.	  	  Unfortunately	  however,	  due	  to	  the	  complexities	  of	  HVAC	  systems	  it	  can	  take	  
some	  time	  to	  rectify	  issues	  such	  as	  those	  being	  experienced,	  as	  testing,	  re-­‐balancing	  and	  ongoing	  
monitoring	  and	  adjustment	  will	  be	  required.	  	  We	  thank	  you	  for	  your	  ongoing	  patience	  and	  
understanding	  on	  this	  matter,	  and	  we	  will	  of	  course	  endeavor	  to	  have	  this	  resolved	  in	  the	  shortest	  
possible	  time	  frame.	  	  We	  will	  update	  you	  as	  and	  when	  we	  can.	  
	  
Kind	  regards,	  
	  
Commercial	  Services/Leasing	  Coordinator	  
Corporate	  and	  Client	  Services	  
Property	  Services	  
RMIT	  University	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Subject:	  	  
Building	  88	  -­‐	  Lifts.	  
Creation	  Date:	  
Wed,	  Mar	  16,	  2011	  	  1:01	  PM	  
	  
Dear	  colleagues,	  
	  
Unfortunately	  as	  most	  of	  you	  are	  probably	  aware,	  two	  of	  the	  four	  lifts	  within	  the	  building	  are	  
inoperable.	  	  This	  has	  been	  reported	  to	  the	  managing	  agent	  as	  a	  high	  priority	  issue,	  and	  engineers	  
should	  shortly	  be	  in	  attendance	  to	  rectify	  any	  fault	  as	  quickly	  as	  possible.	  
	  
Kind	  regards,	  
	  
Commercial	  Services/Leasing	  Coordinator	  
Corporate	  and	  Client	  Services	  
Property	  Services	  
RMIT	  University	  
	  
_____________________________________________________________________	  
	  
Subject:	  	  
Building	  88	  -­‐	  Lifts	  
Creation	  Date:	  
Mon,	  Mar	  21,	  2011	  	  9:32	  AM	  
	  
Dear	  colleagues,	  
	  
Further	  to	  reports	  that	  3	  out	  of	  the	  4	  lifts	  at	  Building	  88	  are	  out	  of	  service,	  Property	  Services	  has	  
escalated	  the	  matter	  to	  the	  managing	  agent	  who	  in	  turn	  have	  arranged	  for	  their	  engineers	  to	  attend.	  
	  
We	  apologise	  for	  any	  inconvenience	  caused	  at	  this	  time,	  and	  will	  provide	  further	  updates	  as	  and	  
when	  we	  receive	  more	  information.	  
	  
Kind	  regards,	  
	  
Commercial	  Services/Leasing	  Coordinator	  
Corporate	  and	  Client	  Services	  
Property	  Services	  
RMIT	  University	  
	  
_____________________________________________________________________	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Subject:	  	  
Building	  88	  -­‐	  Air	  Conditioning	  
Creation	  Date:	  
Tue,	  Mar	  22,	  2011	  11:54	  AM	  
	  
Dear	  colleagues,	  
	  
Engineers	  have	  now	  had	  a	  chance	  to	  undertake	  a	  survey	  of	  Building	  88,	  and	  have	  compiled	  a	  report	  
which	  has	  been	  sent	  onto	  Property	  Services	  via	  the	  managing	  agents.	  
	  
It	  was	  established	  during	  the	  visit	  and	  from	  previous	  complaints,	  that	  the	  required	  air	  quantities	  are	  
not	  being	  provided	  across	  the	  floors	  or	  to	  the	  area’s	  where	  it	  is	  needed,	  and	  at	  the	  right	  time	  of	  the	  
day.	  	  This	  is	  leading	  to	  increased	  temperatures	  on	  the	  east	  side	  in	  the	  morning,	  and	  vice	  versa	  on	  the	  
west	  side	  in	  the	  afternoon.	  	  Some	  remedial	  works	  have	  already	  taken	  place	  to	  address	  these	  
problems,	  however	  further	  works	  are	  required.	  
	  
Recommendations	  have	  been	  made	  to	  rectify	  this	  issue,	  including	  replacement	  of	  the	  hot-­‐wire	  
sensors	  and	  testing	  and	  calibration	  of	  their	  replacements.	  	  Once	  this	  has	  taken	  place,	  adjustments	  to	  
the	  main	  AHU	  and	  associated	  plant	  can	  take	  place,	  returning	  the	  system	  to	  it's	  original	  design	  
specification.	  	  
	  
The	  managing	  agents	  are	  awaiting	  a	  quotation	  from	  the	  contractors	  who	  undertook	  the	  report	  for	  
these	  works,	  and	  so	  there	  will	  be	  a	  small	  lead	  in	  period	  before	  commencement.	  	  	  
	  
Property	  Services	  are	  expecting	  regular	  updates	  on	  progress	  from	  the	  managing	  agents,	  and	  we	  will	  
disseminate	  this	  to	  you	  all	  as	  and	  when	  information	  is	  received.	  	  In	  the	  meantime	  I	  would	  like	  to	  thank	  
you	  all	  for	  your	  patience	  and	  understanding	  on	  this	  matter.	  
	  
Kind	  regards,	  
	  
Commercial	  Services/Leasing	  Coordinator	  
Corporate	  and	  Client	  Services	  
Property	  Services	  
RMIT	  University	  
	  
_____________________________________________________________________	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
Aesthetics of Air
186.
Subject:	  	  
Building	  88	  -­‐	  Lifts	  and	  Air	  Conditioning	  
Creation	  Date:	  
Wed,	  Mar	  23,	  2011	  11:18	  AM	  
	  
	  
Dear	  colleagues,	  
	  
Firstly,	  on	  the	  matter	  of	  air	  conditioning,	  works	  are	  scheduled	  to	  commence	  later	  this	  week/early	  next	  
week	  to	  replace	  the	  hot-­‐wire	  sensors	  across	  all	  floors.	  	  There	  should	  be	  minimal	  disruption	  whilst	  this	  
takes	  place,	  and	  will	  be	  carried	  out	  during	  working	  hours.	  Commissioning	  of	  the	  replacement	  sensors	  
will	  take	  place	  once	  they	  are	  all	  fitted.	  	  Other	  works	  specifically	  relating	  to	  floor	  10	  have	  been	  delayed	  
due	  to	  manufacturing	  issues,	  however	  these	  should	  be	  completed	  by	  next	  Saturday.	  
	  
With	  regard	  to	  lifts	  going	  out	  of	  service	  on	  Monday	  and	  last	  week;	  we	  have	  initially	  been	  advised	  that	  
two	  separate	  issues	  caused	  the	  malfunctions,	  and	  both	  have	  been	  rectified.	  	  We	  therefore	  do	  not	  
expect	  further	  mass	  breakdowns.	  
	  
Kind	  regards,	  
	  
Commercial	  Services/Leasing	  Coordinator	  
Corporate	  and	  Client	  Services	  
Property	  Services	  
RMIT	  University	  
	  
_____________________________________________________________________	  
	  
	  	  
Subject:	  	  
Building	  88,	  Level	  9	  data	  logging	  
Creation	  Date:	  
Fri,	  Mar	  25,	  2011	  	  5:01	  PM	  
	  
Dear	  colleagues,	  
	  
As	  some	  of	  you	  may	  be	  aware	  data	  loggers	  were	  placed	  around	  various	  locations	  on	  level	  9.	  	  Results	  
from	  the	  data	  loggers	  is	  attached	  to	  this	  email	  for	  your	  information.	  
	  
During	  the	  short	  period	  that	  information	  was	  gathered,	  temperatures	  stayed	  within	  acceptable	  limits.	  	  
We	  would	  like	  to	  stress	  that	  Property	  Services	  will	  still	  be	  working	  closely	  with	  the	  managing	  agents	  as	  
per	  previous	  communications	  to	  bring	  the	  HVAC	  system	  back	  in	  line	  with	  it's	  original	  specifications.	  
	  
Kind	  regards,	  
	  
	  
Commercial	  Services/Leasing	  Coordinator	  
Corporate	  and	  Client	  Services	  
Property	  Services	  
RMIT	  University	  
	  
	  
	  
	  
	  
	  
	  
	  	  
Appendices
187.
Subject:	  	  
Building	  8	  -­‐	  Replacement	  of	  sensors	  
Creation	  Date:	  
Fri,	  Mar	  25,	  2011	  	  5:16	  PM	  
	  
	  
Dear	  colleagues,	  
	  
Please	  note	  that	  Airmaster	  will	  be	  on	  site	  at	  Building	  88	  from	  Monday	  morning,	  as	  they	  commence	  
replacement	  of	  sensors.	  	  This	  should	  not	  interfere	  or	  cause	  disruption	  to	  anyone	  in	  the	  offices.	  
	  
Kind	  regards,	  
	  
	  
Commercial	  Services/Leasing	  Coordinator	  
Corporate	  and	  Client	  Services	  
Property	  Services	  
RMIT	  University	  
	  
_____________________________________________________________________	  
	  
	  
Subject:	  	  
Building	  88,	  Level	  10	  
Creation	  Date:	  
Fri,	  Apr	  1,	  2011	  11:05	  AM	  
	  
Dear	  colleagues,	  
	  
For	  your	  information,	  as	  part	  of	  the	  works	  being	  undertaken	  to	  address	  the	  air	  conditioning	  issues	  
Airmaster	  will	  be	  attending	  tomorrow	  (Saturday),	  and	  will	  be	  cutting	  fairly	  large	  holes	  into	  the	  ceiling	  
plaster	  at	  various	  locations	  around	  level	  10.	  	  These	  holes	  will	  remain	  in	  the	  ceiling	  for	  the	  duration	  of	  
next	  week.	  
	  
Kind	  regards,	  
	  
	  
Commercial	  Services/Leasing	  Coordinator	  
Corporate	  and	  Client	  Services	  
Property	  Services	  
RMIT	  University	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  	  
Aesthetics of Air
188.
Subject:	  	  
Building	  88,	  10	  -­‐	  Air	  Conditioning	  
Creation	  Date:	  
Mon,	  Apr	  4,	  2011	  	  9:20	  AM	  
	  
	  
Dear	  colleagues,	  
	  
Property	  Services	  have	  been	  informed	  by	  a	  number	  of	  staff	  that	  the	  air	  conditioning	  does	  not	  appear	  
to	  be	  working	  on	  level	  10	  this	  morning.	  	  We	  have	  therefore	  reported	  this	  to	  the	  managing	  agents,	  
who	  in	  turn	  have	  contacted	  their	  contractors.	  	  We	  expect	  any	  problems	  to	  be	  resolved	  shortly,	  
however	  in	  the	  meantime	  we	  will	  provide	  further	  updates	  as	  and	  when	  we	  receive	  them.	  
	  
Kind	  regards,	  
	  
	  
Commercial	  Services/Leasing	  Coordinator	  
Corporate	  and	  Client	  Services	  
Property	  Services	  
RMIT	  University	  
	  
_____________________________________________________________________	  
	  
	  
Subject:	  	  
Building	  88,	  10	  
Creation	  Date:	  
Mon,	  Apr	  4,	  2011	  	  9:42	  AM	  
	  
	  
Dear	  colleagues,	  
	  
We	  have	  now	  been	  advised	  by	  Kliger	  Wood	  that	  a	  technician	  will	  be	  on	  site	  within	  an	  hour	  and	  a	  half	  
to	  investigate	  and	  rectify	  any	  fault.	  
	  
Kind	  regards,	  
	  
	  
Commercial	  Services/Leasing	  Coordinator	  
Corporate	  and	  Client	  Services	  
Property	  Services	  
RMIT	  University	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
Appendices
189.
Subject:	  	  
Building	  88	  -­‐	  Air	  Conditioning	  
Creation	  Date:	  
Mon,	  Apr	  4,	  2011	  	  4:41	  PM	  
	  
	  
We	  have	  now	  heard	  back	  from	  the	  managing	  agents	  and	  have	  been	  informed	  that	  their	  is	  a	  problem	  
with	  the	  controls,	  and	  this	  has	  affected	  the	  performance	  of	  the	  main	  AHU	  leading	  to	  a	  lack	  of	  air	  
movement	  and	  high	  temperatures.	  	  Engineers	  are	  currently	  working	  to	  fix	  this,	  and	  we	  expect	  the	  
system	  to	  be	  operational	  by	  tomorrow	  morning.	  
	  
Kind	  regards,	  
	  
	  
Commercial	  Services/Leasing	  Coordinator	  
Corporate	  and	  Client	  Services	  
Property	  Services	  
RMIT	  University	  
	  
_____________________________________________________________________	  
	  
	  
Subject:	  	  
Fwd:	  Air	  Conditioning	  -­‐	  440	  Elizabeth	  Street,	  Melbourne	  
Creation	  Date:	  
11/22/2011	  10:53	  AM	  
	  
	  
To	  all	  Staff,	  
With	  the	  ongoing	  air	  conditioning	  problems	  being	  experienced	  within	  Building	  88,	  Property	  Services	  
has	  further	  escalated	  the	  situation	  with	  both	  the	  Owner	  and	  Managing	  agents,	  Kliger	  Wood.	  	  
Can	  you	  please	  disseminate	  the	  following	  to	  all	  staff,	  
The	  Managing	  agents	  had	  a	  meeting	  with	  the	  air-­‐conditioning	  contractors	  yesterday	  and	  conducted	  a	  
site	  inspection.	  	  A	  	  report	  will	  be	  submitted	  shortly,	  but	  essentially	  it	  was	  identified	  that;	  	  
Cold	  area	  	  -­‐	  	  The	  boiler	  was	  out	  (	  non	  -­‐	  operational)	  and	  has	  since	  been	  reinstated	  
Air	  flow	  issues	  -­‐	  	  Adjustments	  will	  be	  made	  to	  the	  controls	  and	  dampers	  to	  allow	  less	  airflow.	  	  
It	  was	  also	  identified	  that	  there	  may	  be	  a	  benefit	  from	  moving	  some	  of	  the	  thermostats.	  	  
There	  are	  some	  areas	  which	  have	  excessive	  heat	  load	  as	  a	  result	  of	  the	  use	  of	  certain	  areas.	  
The	  start	  up	  time	  of	  the	  system	  has	  been	  changed	  to	  an	  earlier	  time.	  
	  
When	  the	  specific	  report	  is	  received	  from	  the	  contractor	  we	  will	  advise	  further,	  	  
	  
Kind	  Regards,	  
	  
Leasing	  Co-­‐ordinator	  
Property	  Management	  
Property	  Services	  
RMIT	  University	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
Aesthetics of Air
190.
Subject:	  	  
	  
B.88	  levels,	  3,	  8,	  9	  &10	  Access	  Cards	  -­‐	  Non	  Operational	  
	  
Creation	  Date:	  
12/15/2011	  	  3:57	  PM	  
	  
	  
Good	  Afternoon,	  
	  
Please	  be	  advised	  that	  the	  security	  system	  for	  the	  building	  is	  completely	  down	  at	  present	  and	  
hopefully	  a	  new	  program	  will	  be	  installed	  by	  day	  end.	  
	  	  
It	  is	  advised	  that	  should	  you	  leave	  the	  building	  you	  may	  not	  be	  able	  to	  re-­‐enter.	  
	  	  
We	  will	  have	  an	  RMIT	  guard	  posted	  at	  front	  entrance	  from	  5.30	  pm	  today	  (15/12)	  until	  	  8	  am	  
tomorrow	  morning	  (16th)	  for	  your	  convenience.	  
	  	  
We	  will	  keep	  you	  advised	  as	  to	  further	  developments,	  
	  	  
Kind	  Regards,	  
	  
Leasing	  Co-­‐ordinator	  
Property	  Management	  
Property	  Services	  
RMIT	  University	  
_____________________________________________________________________	  
	  
Subject:	  	  
Airconditioning	  
Creation	  Date:	  
1/4/2012	  	  9:26	  AM	  
	  
	  
Please	  disseminate	  the	  following	  information	  to	  all	  relevant	  staff	  and	  students,	  including	  all	  members	  
of	  each	  designated	  work	  group	  in	  your	  building.	  
	  	  
Good	  morning	  all,	  
	  	  
As	  you	  may	  be	  aware,	  Property	  Services	  had	  difficulties	  in	  supplying	  airconditioning	  to	  buildings	  
across	  RMIT	  campuses	  yesterday.	  
	  	  
Property	  Services	  has	  worked	  diligently	  to	  rectify	  these	  problems	  and	  currently,	  the	  majority	  of	  
buildings	  have	  airconditioning	  working	  to	  capacity.	  
	  	  
Should	  you	  be	  experiencing	  any	  isolated	  airconditioning	  	  issues,	  please	  log	  them	  through	  the	  Property	  
Services	  Service	  Desk	  on	  	  ext:	  52111	  and	  these	  will	  be	  attended	  to	  as	  soon	  as	  practically	  possible.	  	  
	  	  
Thanks	  for	  your	  patience	  in	  this	  matter.	  
	  	  
Cheers,	  
	  	  
Manager,	  Client	  Relations	  
Property	  Services	  
RMIT	  University	  
	  
	  
Appendices
191.
Subject:	  	  
Airconditioning	  (Humidity)	  
Creation	  Date:	  
1/30/2012	  10:36	  AM	  
	  
	  
Please	  disseminate	  the	  following	  information	  to	  all	  relevant	  staff	  and	  students,	  including	  all	  members	  
of	  each	  designated	  work	  group	  in	  your	  building.	  
	  	  
Good	  morning	  all,	  
	  	  
Please	  be	  advised	  that	  the	  high	  humidity	  being	  experienced	  today,	  impacts	  on	  the	  efficiency	  of	  
buildings	  airconditioning	  systems.	  
	  	  
There	  is	  a	  tendency	  for	  condensation	  to	  occur	  on	  chilled	  water	  lines	  and	  this	  has	  periodically	  been	  
noted	  and	  reported	  to	  our	  Service	  Desk.	  
	  	  
These	  systems	  will	  improve	  in	  due	  course,	  when	  the	  humidity	  levels	  drop.	  
	  	  
Property	  Services	  is	  working	  rigorously	  to	  minimise	  discomfort	  for	  building	  occupants,	  noting	  any	  
continuing	  problems	  should	  be	  reported	  to	  our	  Service	  Desk	  on	  ext:	  52111.	  
	  	  
Thanks	  for	  your	  cooperation	  and	  	  patience	  in	  this	  matter.	  
	  	  
Cheers,	  
	  	  
	  	  
	  Manager,	  Client	  Relations	  
Property	  Services	  
RMIT	  University	  
	  
_____________________________________________________________________	  
	  
Good	  afternoon	  all,	  
	  	  
Further	  to	  my	  recent	  correspondence	  (refer	  below),	  the	  Building	  Automation	  System	  (BAS)	  is	  now	  
operational,	  the	  problems	  with	  the	  server	  have	  now	  been	  addressed	  and	  systems	  checks	  are	  now	  
underway.	  
	  	  
Given	  this,	  we	  would	  expect	  that	  you	  will	  be	  experiencing	  improved	  conditions	  shortly.	  
	  	  
Thanks	  for	  your	  patience	  in	  this	  matter.	  
	  	  
Cheers,	  
	  	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  	  
Aesthetics of Air
192.
Subject:	  	  
Airconditioning	  outage	  
Creation	  Date:	  
1/3/2012	  	  1:02	  PM	  
	  
	  
Please	  disseminate	  the	  following	  information	  to	  all	  relevant	  staff	  and	  students,	  including	  all	  members	  
of	  each	  designated	  work	  group	  in	  your	  building.	  
	  	  
Good	  morning	  all,	  
	  	  
Please	  be	  advised	  that	  RMIT	  is	  experiencing	  a	  temporary	  airconditioning	  outage,	  caused	  by	  a	  
malfunction	  of	  the	  airconditioning	  control	  server	  this	  morning.	  	  	  
	  	  
This	  outage	  affects	  many	  buildings	  at	  our	  City	  Campus.	  
	  	  
In	  addition,	  we	  have	  experienced	  several	  hot	  days	  in	  a	  row,	  causing	  heat	  buildup	  in	  buildings	  where	  
the	  air	  conditioning	  was	  turned	  off	  during	  the	  break.	  	  	  
	  	  
If	  your	  building	  airconditioning	  isn't	  currently	  functioning,	  it	  will	  be	  in	  relation	  to	  this	  problem.	  
	  	  
Our	  mechanical	  services	  engineers	  were	  notified	  of	  the	  fault	  early	  this	  morning	  and	  their	  server	  
technicians	  are	  currently	  working	  on	  a	  resolution	  of	  the	  issue.	  	  	  
	  	  
Property	  Services	  will	  keep	  you	  advised	  as	  more	  information	  comes	  to	  hand	  and	  we	  appreciate	  your	  
patience	  and	  cooperation	  in	  this	  matter.	  
	  	  
Regards,	  
	  	  
	  	  
Manager,	  Client	  Relations	  
Property	  Services	  
RMIT	  University	  
	  
_____________________________________________________________________	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Subject:	  	  
Airconditioning	  outage	  
Creation	  Date:	  
1/3/2012	  11:31	  AM	  
	  
Please	  disseminate	  the	  following	  information	  to	  all	  relevant	  staff	  and	  students,	  including	  all	  members	  
of	  each	  designated	  work	  group	  in	  your	  building.	  
	  	  
Good	  morning	  all,	  
	  	  
Please	  be	  advised	  that	  RMIT	  is	  experiencing	  a	  temporary	  airconditioning	  outage,	  caused	  by	  a	  
malfunction	  of	  the	  airconditioning	  control	  server	  this	  morning.	  	  	  
	  	  
This	  outage	  affects	  many	  buildings	  at	  our	  City	  Campus.	  
	  	  
In	  addition,	  we	  have	  experienced	  several	  hot	  days	  in	  a	  row,	  causing	  heat	  buildup	  in	  buildings	  where	  
the	  air	  conditioning	  was	  turned	  off	  during	  the	  break.	  	  	  
	  	  
If	  your	  building	  airconditioning	  isn't	  currently	  functioning,	  it	  will	  be	  in	  relation	  to	  this	  problem.	  
	  	  
Our	  mechanical	  services	  engineers	  were	  notified	  of	  the	  fault	  early	  this	  morning	  and	  their	  server	  
technicians	  are	  currently	  working	  on	  a	  resolution	  of	  the	  issue.	  	  	  
	  	  
Property	  Services	  will	  keep	  you	  advised	  as	  more	  information	  comes	  to	  hand	  and	  we	  appreciate	  your	  
patience	  and	  cooperation	  in	  this	  matter.	  
	  	  
Regards,	  
	  	  
	  	  
Manager,	  Client	  Relations	  
Property	  Services	  
RMIT	  University	  
_____________________________________________________________________	  
	  
Hello,	  
	  
Confirming	  that	  B88	  level	  6	  airflow	  works	  can	  be	  rescheduled	  to	  mon	  10	  September.	  
	  
_____________________________________________________________________	  
	  
	  
Our	  Managing	  Agents	  have	  just	  advised	  us	  that	  due	  to	  contractor	  staffing	  issues,	  the	  proposed	  works	  
have	  now	  been	  rescheduled	  for	  Monday,	  10	  September.	  
	  
Could	  you	  confirm	  that	  this	  will	  be	  ok	  from	  your	  perspective.	  
	  
Many	  thanks	  
	  
Regards	  
	  
On	  31	  August	  2012	  09:53,	  	  
	  
	  
	  
	  
	  
	  
Aesthetics of Air
194.
Dear	  
	  
A	  specific	  location	  on	  level	  6	  has	  not	  been	  stated,	  so	  we	  are	  assuming	  the	  works	  need	  to	  undertaken	  
outside	  of	  teaching	  spaces	  on	  level	  6?	  
	  
It	  is	  a	  shame	  the	  works	  were	  not	  scheduled	  for	  this	  week	  which	  is	  a	  non-­‐teaching	  week	  and	  as	  a	  result	  
full	  teaching	  activities	  will	  take	  place	  in	  building	  88	  next	  week.	  	  
	  
As	  the	  works	  have	  not	  been	  described	  as	  non-­‐disruptive,	  we	  have	  reviewed	  the	  timetable	  and	  believe	  
the	  best	  day	  would	  be	  Monday.	  	  
	  
If	  Monday	  is	  not	  possible,	  then	  Friday	  would	  be	  the	  second	  choice.	  
	  
Hope	  that	  helps	  
Kind	  Regards	  
	  
School	  of	  Architecture	  and	  Design	  
RMIT	  University	  
Building	  8,	  Level	  12	  
_____________________________________________________________________	  
	  
On	  30	  August	  2012	  17:34,	  	  wrote:	  
	  
Hi	  	  
	  
Hoping	  you	  can	  assist	  with	  the	  below	  enquiry	  from	  our	  Managing	  Agents.	  	  The	  works	  are	  not	  
expected	  to	  be	  disruptive	  and	  your	  assistance	  is	  sought	  in	  advising	  of	  a	  suitable	  day	  next	  week.	  I'll	  
then	  firm	  up	  with	  our	  Managing	  Agents.	  
	  
Regards	  
	  
_____________________________________________________________________	  
	  
Hi,	  
	  
ECS	  would	  like	  to	  arrange	  a	  time	  next	  week	  to	  carry	  out	  an	  upgrade	  to	  the	  air	  conditioning	  controls,	  
these	  works	  must	  be	  done	  otherwise	  the	  controls	  will	  not	  perform	  in	  a	  satisfactory	  manner.	  
	  
The	  works	  will	  be	  carried	  out	  over	  2	  days,	  it	  is	  expected	  that	  it	  will	  take	  6	  hours	  to	  complete	  the	  RMIT	  
controls	  which	  will	  be	  done	  on	  one	  day	  and	  4	  hours	  to	  complete	  the	  Reeds	  controls	  which	  will	  be	  
done	  on	  another	  day	  during	  the	  week.	  
	  
These	  works	  cannot	  be	  completed	  after	  hours,	  however	  the	  contractors	  have	  ensured	  me	  that	  these	  
works	  will	  not	  create	  any	  major	  disruptions.	  
	  
If	  you	  could	  please	  get	  back	  to	  me	  with	  the	  day	  you	  would	  like	  these	  works	  to	  commence	  as	  soon	  as	  
possible	  it	  would	  be	  greatly	  appreciated.	  
	  
Regards,	  
Property	  Manager	  
	  
Level	  3	  |	  250	  Queen	  Street	  	  |	  	  Melbourne	  Vic	  3000	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Good	  Afternoon	  All,	  	  
	  
With	  the	  weather	  tipped	  to	  be	  in	  excess	  of	  30	  degrees	  this	  week	  we	  have	  organised	  for	  the	  air	  
conditioning	  in	  the	  building	  to	  be	  adjusted	  accordingly	  to	  cater	  for	  the	  additional	  heat.	  We	  believe	  
this	  will	  sufficiently	  manage	  the	  ambient	  temperature	  in	  the	  building	  however	  if	  you	  do	  have	  any	  
issues,	  please	  do	  not	  hesitate	  to	  let	  us	  know.	  
	  
Could	  you	  please	  disseminate	  the	  above	  message	  to	  all	  occupants	  in	  your	  area.	  	  	  
date:	   	  3	  January	  2013	  15:03	  
subject:	   	  Re:	  Hot	  weather	  and	  Air	  Conditioning	  
	  
_____________________________________________________________________	  
	  
On	  3	  January	  2013	  15:03,	  	  wrote:	  
	  
Dear	  All,	  
	  
Just	  a	  quick	  note	  to	  advise	  that	  during	  this	  period	  of	  hot	  weather,	  the	  air-­‐conditioning	  system	  will	  be	  
working	  at	  full	  capacity	  to	  ensure	  the	  building	  is	  kept	  at	  an	  ambient	  temperature.	  
	  
In	  order	  to	  help	  maintain	  a	  pleasant	  environment,	  please	  ensure	  that	  blinds	  are	  kept	  pulled	  down,	  
particularly	  when	  the	  sun	  is	  shining	  on	  that	  part	  of	  the	  building.	  If	  the	  windows	  nearest	  you	  are	  on	  the	  
east	  side	  of	  the	  building,	  please	  ensure	  the	  blinds	  are	  down	  before	  leaving	  the	  office	  in	  the	  evenings,	  
including	  Friday	  evenings.	  
	  
Computers,	  monitors	  and	  other	  non-­‐essential	  electrical	  equipment	  should	  be	  shut	  down	  at	  the	  end	  of	  
each	  day.	  
	  
Thanks	  for	  your	  assistance	  on	  this.	  
	  
Regards,	  
_____________________________________________________________________	  
	  
Good	  afternoon	  all,	  
	  
Please	  be	  advised	  that	  during	  this	  period	  of	  hot	  weather,	  building	  airconditioning	  systems	  will	  be	  
running	  at	  full	  capacity	  to	  ensure	  the	  building	  is	  kept	  at	  an	  ambient	  temperature.	  
	  
In	  order	  to	  help	  maintain	  a	  comfortable	  environment,	  please	  ensure	  that	  blinds	  are	  kept	  pulled	  down,	  
particularly	  when	  the	  sun	  is	  shining	  on	  that	  part	  of	  the	  building.	  If	  the	  windows	  nearest	  you	  are	  on	  the	  
east	  side	  of	  the	  building,	  please	  ensure	  the	  blinds	  are	  down	  before	  leaving	  the	  office	  in	  the	  evenings,	  
including	  Friday	  evenings.	  
	  
Computers,	  monitors	  and	  other	  non	  essential	  electrical	  equipment	  should	  be	  shut	  down	  at	  the	  end	  of	  
each	  day.	  
	  
Thanks	  for	  your	  assistance	  with	  this.	  
	  
Cheers,	  
	  
Manager,	  Client	  Relations	  
Property	  Services	  
RMIT	  University,	  Melbourne	  Australia	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The Porous-City; Atm
ospheric 
Conversations of the Urban / Interior
M
alte W
agenfeld
In M
orning Sun (1952) by artist E
dw
ard H
opper, w
e see 
a w
om
an sitting on a bed, w
hich is neatly m
ade w
ith w
hite 
linen sheets. W
e feel the radiant w
arm
th of the sun on her 
body as if it w
ere our body and perhaps a slight coolness on 
the parts that rem
ain in shadow
. W
e feel the fresh air com
ing 
through the open w
indow
 and w
e get a glim
pse of the city as 
it aw
akens. M
aybe w
e can hear som
e traffic or a church bell 
tolling, it m
ight be Sunday. T
he room
, w
hich w
ould look decid-
edly sm
all in plan view
, is not at all claustrophobic because it 
expands into the entire city; all of our senses are stim
ulated. 
T
he N
ew
 Z
ealand architect M
ark W
igley posits that the 
building is a kind of device for producing a particular atm
o
-
sphere w
ithin another one. ‘To enter a building is to pass 
from
 one to another’ (W
igley 1998, p.24). H
ow
ever I w
ish to 
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 d
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.
A
s soon as he set foot in the arcade, 
he felt a strong tingle of anticipation. The 
w
om
an w
ho sold costum
e jew
ellery w
as 
sitting right opposite the door to the side 
passage. H
e had to w
ait until she w
as 
busy, selling a brass ring or som
e earrings 
to a young w
orking w
om
an. Then he 
slipped into the passage and clim
bed the 
dark, narrow
 staircase, pressing against 
the dam
p, sticky w
alls. Every tim
e he 
stum
bled on one of the stone steps, the 
noise gave him
 a burning sensation in the 
chest. A
 door opened, and there on the 
threshold, dazzling in the w
hite glow
 of 
the lam
p, he saw
 Thérèse in her cam
isole 
and petticoat, her hair tied up tight in a 
bun. She shut the door and flung her arm
s 
round his neck; she had a w
arm
 scent 
of w
hite linen and new
ly w
ashed flesh
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P
revious:
E
dw
ard H
opper, 
M
orning Sun, U
SA
, 
1952. O
il on canvas. 
P
hoto: C
olum
bus 
M
useum
 of A
rt.
O
pposite:
M
alte W
agenfeld, 
E
xperim
ents in 
V
isualizing A
ir F
low
 
T
hrough W
indow
s, 
South Y
arra, A
ustralia, 
2009. A
n ultrasonic 
vaporizer is used to 
produce a fine m
ist 
of w
ater vapor w
hich 
enables the observation 
of airflow
 through w
in-
dow
s. P
hoto: A
uthor.
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argue that there is a critical relationship betw
een these tw
o 
atm
ospheres and im
portantly a m
erging of both, particularly 
at the boundaries. H
ere they are not separate, but sym
biotic; 
one not only influencing the other but requiring the other.
T
he porous city concerns itself w
ith how
 the interior can 
reach out and connect to its urban context, and conversely 
how
 such urban interiors activate the city; generating a 
rich dialogue betw
een interior and exterior atm
ospheric 
phenom
ena, and how
 these contribute to our experience of 
‘urbanity’. P
henom
ena generated by a m
ultiplicity of actions and 
events—
the com
ings and goings of people in their daily lives; 
the regular sequence of tram
s, trains and buses; the seasonal 
changes of w
eather; the brightening and fading light and so 
on—
experienced via our senses as sound, vision, sm
ell, clim
ate, 
kinaesthesia and housed w
ithin our subconscious m
em
ory.
B
uildings have num
erous devices that perform
 func-
tions of passage: doors, w
indow
s, vents, skylights, chim
neys, 
plum
bing and w
iring. T
he door perform
s a vital function in 
enabling a flow
 of traffic—
people, anim
als and things m
ove 
in and out and through the various connected spaces—
and 
also serves as an im
portant visual m
arker, though the w
indow
 
is perhaps of m
ost interest in this discourse. In the porous-
city the w
indow
 is the eyes, nose and ears of the building. 
T
he w
ord ‘pore’ derives from
 the G
reek w
ord ‘poriferous’ 
m
eaning ‘passage’ (M
acquarie C
oncise D
ictionary 2001) and 
like the pores of our skin the w
indow
 is a m
em
brane, w
hich 
can regulate the relationship betw
een the inside and outside. 
T
he ability to open and close w
indow
s and draw
 drapes, blinds 
and curtains, allow
s us to m
odulate and play w
ith how
 m
uch 
of the outside w
e allow
 in and conversely how
 m
uch of our 
interior lives w
e choose to share w
ith the outside w
orld.  
A
part from
 providing a view
, the typical notion of a w
indow
’s 
function is to furnish an interior w
ith light and fresh air. In a series 
of experim
ents investigating air flow
 through w
indow
s (W
agenfeld 
2009), I w
as surprised to observe a propensity for air to flow
 out as 
m
uch as flow
 in through the w
indow
. T
his observation challenged 
m
y initial assum
ptions, w
hich w
ere based on the com
parative 
vastness of the exterior relative to the interior, that the flow
 of air 
w
ould predom
inate from
 the outside in; but evidenced w
as a m
uch 
m
ore dynam
ic relationship. T
his is the critical realisation—
that 
there is a flow
 of air, sound, light, sm
ells, people, things, w
ater, 
sew
erage and so on, both in and out of buildings, and that w
hat 
occurs w
ithin the urban interior also effects the urban context.
A
 w
indow
’s ability to furnish an interior w
ith natural light 
is of course critical and there are often strict law
s governing 
the overshadow
ing of buildings to allow
 daylight to enter 
the interior. D
aylight is not only im
portant in regulating our 
body’s circadian rhythm
, but also provides radiant heat and 
a poetic interplay of light that enlivens the interior. D
iffuse, 
dappled or focused sunlight stream
ing through passing clouds 
or sw
aying trees, creating shadow
 lines from
 buildings and 
blinds, activates the interior w
ith subtle, poetic phenom
-
ena and m
arks the passing hours of the day. T
here is also an 
interplay of w
arm
 sunny areas and cool shaded areas.
A
t night the glow
 of interior light activates the urban 
streetscape. T
here is a m
agical m
om
ent w
hen people start 
to turn their lights on in response to the gathering darkness, 
but do not yet draw
 the curtains; the w
hole city is on display. 
H
opper’s painting N
ight W
indow
s (1928) captures the essence 
of this experience. T
he view
er looks into an interior fram
ed 
by night and glim
pses a w
om
an dressing. A
 sem
i-transparent 
drape billow
s through the open w
indow
; w
e can feel the slight 
breeze and sm
ell the sultry night air. T
he vantage point is 
presum
ably from
 an apartm
ent opposite and w
hile looking out 
w
e also sense the activity and hear the sounds from
 the street 
below
. T
his is an intensely urban condition and w
e are fully 
im
m
ersed in the m
om
ent as one of intim
acy and connection.
In the film
 R
ear W
indow
 (1954) A
lfred H
itchcock builds 
a com
plex narrative betw
een the urban interior and exterior. 
T
he protagonist (played by Jam
es Stew
art) is a professional 
photographer, w
ho is recovering from
 a broken leg. H
e spends 
his days observing the courtyard and apartm
ents from
 his 
w
indow
. Slow
ly he becom
es entranced and creates narra-
tives of his neighbours’ lives, giving nam
es to each ‘character’, 
becom
ing m
ore and m
ore obsessed. H
is fiancé and friends 
deride his actions, but gradually they too becom
e entangled 
in his voyeuristic intrigues. It is a rem
inder that even w
ith this 
Aesthetics of Air
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intense urban voyeurism
 it is not possible to rem
ain entirely 
separate and m
erely look out; as soon as you engage you becom
e 
a part of the observed dram
a as it continues to unfold.  
T
he Finish architect Juhani P
allasm
aa speaks of the 
im
portance of peripheral vision in contrast to focused vision, 
w
here the peripheral sits w
ithin the preconscious realm
, w
hich 
‘transform
s retinal gestalt into spatial and bodily experi-
ences. P
eripheral vision integrates us w
ith space, w
hile focused 
vision pushes us out of the space, m
aking us m
ere spectators’ 
(P
allasm
aa 2005, p.13). H
ere perhaps being aw
are of the liv-
ing city through the unfolding of m
ultiple interior w
orlds 
lies w
ithin the peripheral, the casual daydream
, w
hilst the 
voyeuristic gaze belongs to the realm
 of focused vision.
C
orrespondingly w
e m
ay also think of peripheral hearing as 
a spatial experience, as distinct from
 focused hearing, w
hich is 
m
ore directed to understanding and com
prehending. T
he G
erm
an 
m
usic journalist and cultural critic, D
iedrich D
iederichen, refers 
to this form
 of attention, the peripheral, as casual attention, 
un-concentrated and fleeting, w
hich can lead to entirely new
 
perceptual results (D
iederichen 1998, p.139). T
hough like the 
am
bient m
usic of B
rian E
no, Steve R
eich and others to w
hich 
D
iedrichen is referring, the sounds of the porous city produce 
a sim
ilar effect. T
he im
portant thing is how
 w
e hear them
, 
respond to them
 and involve them
 in our day-to-day lives; for 
these am
bient sounds are indeed the soundtrack of the city. 
A
t the m
om
ent, sitting inside an inner-suburban house I 
can hear the last drops of rain, birds chirping in m
y garden, an 
ow
l that should be asleep, a car that started and then stopped 
again and a propeller plane far off in the background. In the 
foreground there’s the hum
 from
 m
y com
puter, the clicking 
of a heater as the m
etal housing expands and contracts, and a 
high-pitched buzz from
 the bulb in m
y desk lam
p. L
istening, 
I’m
 rem
inded of the 19th century A
m
erican naturalist D
avid 
T
horeau, w
ho could hear m
usic in the sim
plest sounds ‘from
 
the hum
m
ing of telegraph poles  [w
hich he likened to harps] to 
the clicking of oarlocks’ (Friesen 2005, p.252), he w
ould even 
delight in listening to the buzzing sound of m
osquitoes and flies.
B
eing sim
ultaneously aw
are of and perceptually im
m
ersed 
in both the inside and outside, and slipping betw
een, as w
ell 
as in and out of these tw
o conditions is a poetic m
om
ent of 
connection. T
his experience is succinctly captured in Juhani 
P
allasm
aa’s phenom
enological im
age, ‘the nocturnal w
histle 
of the train m
akes one conscious of the entire sleeping city’ 
(P
allasm
aa 1994, p.30).  A
s P
allasm
aa declares ‘anyone w
ho has 
becom
e entranced by the sound of w
ater drops in the darkness 
of night can attest to the extraordinary capacity of the ear to 
carve a volum
e into the void of darkness’ (P
allasm
a 1994, p.30). 
Im
portantly this experience can expand the interior volum
e 
w
ell beyond its physical boundaries and w
alls. A
ll of a sudden 
our interior dim
ension enlarges as the interior aurally unfolds 
and opens itself up to the city, taking us dow
n the street and w
ay 
up into the sky w
here an aeroplane is flying overhead. Sound 
has the ability to sim
ultaneously integrate and unfold space, the 
interior w
ith the exterior, and the interior into the exterior. 
In the late 1960s the discipline of ‘acoustic ecology’ w
as 
form
ed by M
urray Schafer, B
arry Truax and others at the Sim
on 
Fraser U
niversity in B
urnaby, C
anada. T
heir aim
 w
as to both 
study and increase sonic aw
areness of soundscapes that are 
as m
uch a part of our daily lives as our visual w
orld, but are 
often neglected, particularly in W
estern culture w
here there 
is a propensity for the visual. T
he discipline concerned itself 
E
dw
ard H
opper, N
ight 
W
indow
s, U
SA
, 1928. 
O
il on canvas. P
hoto: 
N
ew
 Y
ork M
useum
 of 
M
odern A
rt (M
oM
A
).
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w
ith developing an acoustic literacy, not in listening to notated 
or pre-recorded m
usic, but in listening and appreciating the 
soundscape of the here-and-now
 (W
rightson 2000, p.10).
Schafer and his team
 began classifying and grouping 
sound types, for exam
ple, the toot of a train or a siren. Sounds 
that attract attention are considered foreground sounds and 
term
ed ‘sound signals’, w
hilst background sounds such as w
ind 
or traffic are referred to as ‘keynotes’ because they form
 the 
fundam
ental tonality of a soundscape. Sounds that are distinc-
tive or significant in som
e w
ay, such as the ding and clang of a 
M
elbourne tram
 or the toll of L
ondon’s B
ig B
en, are ‘called 
“soundm
arks”—
in analogy to landm
arks’ (W
rightson 2000, p.10).
Sense m
odalities reinforce each other and can do this in 
interesting w
ays, for exam
ple w
e do not only hear the noc-
turnal w
histle of the train, w
e geographically contextualise it 
and in our m
ind’s eye w
e also see the train w
ith its passengers 
and w
onder w
here they are going. T
he people on the train 
are looking back at the sleeping city w
ith its sprinkle of lit 
w
indow
s and they too ponder, w
ho lives there and w
hy are 
they still aw
ake? L
ikew
ise, w
ithin the shielding interior, the 
sound of rain and storm
 is so com
forting precisely because our 
body rem
em
bers w
hat it feels like to be out in the w
eather.
W
alking dow
n a street you m
ay hear sounds spilling from
 the 
interior: voices, conversations and argum
ents, children playing, 
a piano, radios and televisions, a hair dryer, som
eone having a 
show
er, vacuum
ing, an apartm
ent being renovated. T
hese produce 
fleeting im
pressions of urban lives. P
assing this m
ultitude of inte-
rior w
orlds w
e m
ay also catch the sm
ell of cooking, a m
eal is about 
to be eaten, further revealing som
ething about the life inside. 
Sm
ell has sim
ilar qualities to sound, it is carried by the air 
and can find its w
ay through the slightest cracks and open
-
ings; it can turn corners and m
ove in m
ultiple directions. 
A
lthough unlike other phenom
ena, sm
ell can also linger and 
the experience of sm
ell is alm
ost entirely peripheral. W
e catch 
it here and there and it com
es to us gradually. It enters our 
subconscious and can unlock long forgotten m
em
ories.
P
allasm
aa speaks of ‘scent spheres’ (2005, p.54), edge-
less spaces that are defined by sm
ell. W
e experience these 
as w
e pass the bakery, the butcher, the green grocer, the 
florist, the coffee vendor or the urban garden in blossom
. 
T
hese are the fragrant sm
ells of the city. B
ut there is also the 
sm
oker’s corner, the stench of a beer hall and diesel fum
es; 
som
e desired and som
e not, but all contribute to building 
the com
plex phenom
enological im
age of the urban fabric.  
M
alte W
agenfeld, 
V
isualizing A
ir P
hase 
2: E
xperim
ents in 
V
isualizing Sm
ell, 
C
raft V
ictoria G
allery 
M
elbourne, A
ustralia, 
2008. Scanning lasers 
producing ‘sheets’ of 
light are used to m
ake 
visible ‘scent’ vapors 
rising from
 a m
eal being 
cooked. P
hoto: A
uthor. 
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O
pposite:
M
alte W
agenfeld, A
ir-
conditioning E
xhaust 
V
ent, M
elbourne, 
A
ustralia, 2010. A
 
stained w
all is evidence 
of the otherw
ise 
invisible infiltration 
of the atm
osphere by 
a buildings air-condi-
tioning system
. P
hoto: 
Sarah Iacono, A
uthor.
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w
here the w
indow
 cannot be opened.  N
or do w
e take off or 
put on an item
 of clothing to affect our ow
n com
fort. Instead 
w
e send an em
ail to the entity responsible for returning us to 
norm
ality; the m
anaging agent or caretaker. B
etw
een us and 
our interior clim
ate now
 sits a cum
bersom
e bureaucracy.
Som
etim
es it is pleasant to be in an isolated space w
here w
e 
can rest or contem
plate; how
ever, listen carefully and there is 
alw
ays the hum
 of the m
achine, w
hich delivers us this ‘isolation’. 
T
his is the sound and vibration caused by the huge air-condition
-
ing apparatus: com
pressors, fans and other m
echanical devices. 
T
his w
hite noise is so om
nipresent that w
e have becom
e habitu
-
ated to it. W
e no longer hear it as part of our aural environm
ent. 
In E
.M
. Foster’s sem
inal 1909 science fiction short story 
‘T
he M
achine Stops’, the residents of E
arth now
 live in fully 
serviced capsules w
here all their needs are m
et by a sophisticated 
autom
ated system
. P
eople no longer m
eet physically but com
-
m
unicate via a version of the internet, video conferencing and 
through em
ails and face-book-like virtual spaces. M
any now
 
have thousands of ‘friends’; how
ever, w
hen the m
achine starts 
to break dow
n their only course of action is to send m
essages 
to the C
entral C
om
m
ittee, and w
hen the m
achine finally stops 
‘com
es an unexpected terror—
silence’ (Foster 1973, p.256). 
T
he m
achine—
the ‘H
eating, V
entilation and A
ir C
onditioning’ 
(H
V
A
C
) system
—
does not only invade our internal spaces, 
but also the exterior urban acoustic space. W
alk through a 
city at night and listen carefully. It is everyw
here. A
s w
ell as 
Infiltrating the acoustic space it also infuses the atm
osphere, 
pum
ping exhaust fum
es into the city air, but because w
e can-
not see, hear or sm
ell them
, w
e do not think about them
; w
e 
rem
ain oblivious. E
vents such as the outbreak of L
egionnaires 
disease in 2000, resulting from
 the m
alfunctioning cooling tow
-
ers of the then new
ly-opened M
elbourne A
quarium
, w
hich 
killed three and hospitalised m
any m
ore, are a rem
inder of 
this unseen atm
ospheric effect. T
hough once the dram
a is over 
such events enter the collective consciousness as a tem
porary 
hiccup and soon the noxious infiltration of the atm
osphere 
slips back into our collective unconsciousness once again. 
T
here are other, even m
ore subtle effects of standardised 
system
s. A
part from
 the recognised health im
pact of w
hat has 
becom
e know
n as ‘sick building syndrom
e’, there is the effect on 
our body’s ability to adjust to varying environm
ental conditions. 
If w
e spend m
ost of our tim
e w
ithin the confines of a tightly-regu
-
lated clim
ate, such as the cool, dry air of air-conditioning, our body 
adjusts its m
etabolic system
 to consider this the norm
al condition. 
W
hen w
e step outside of this narrow
 atm
ospheric bandw
idth, for 
exam
ple, into w
arm
 hum
id air, w
e experience a form
 of therm
al 
shock. To avoid this w
e m
ay choose to rem
ain in ever m
ore tightly-
controlled environm
ents: offices, houses, cars, shopping m
alls, 
airports and cinem
as—
in effect abandoning outside urban spaces.
For m
any city residents the preference to be am
ongst the city 
and its inhabitants is evidenced by the thriving outdoor urban 
spaces: lanew
ays, streetscapes, prom
enades, bars, cafes and venues. 
T
he return to such outdoor urban spaces and the urban am
bi-
ence—
especially in m
any A
ustralian cities such as M
elbourne, 
Sydney and B
risbane—
is perhaps in part a consequence of 
standardisation. In these urban environm
ents captive office 
w
orkers stream
 out of clim
atically controlled buildings during 
lunch and in the evening to be in the outside air and am
ongst an 
organic, lively urbanity. C
uriously the vast shopping m
alls and 
entertainm
ent com
plexes w
ith their tightly-controlled artificial 
environm
ents tend to populate the urban fringes, w
here there is 
low
er density and a lack of w
hat m
ay be considered urbanity. 
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Just as the living room
 reappears 
on the street, w
ith chairs, hearth and 
altar, so, only m
uch m
ore loudly, the 
street m
igrates into the living room
.
A
n organic urbanity is signified by events and phenom
ena 
that are largely unplanned and unexpected. T
hese stim
ulate our 
senses and furnish our curiosity. T
hey need not be grand gestures, 
but sim
ple seem
ingly incidental occurrences: the toot of a horn, 
a short burst of sunlight, a sun-show
er, a helicopter overhead, 
the lights of a car turning a corner, the sm
ell of fried onion, a 
sharp breeze, a person w
alking by sm
oking or fragm
ents of 
conversation from
 a couple seated at the table next to you. B
ut it 
is exactly this infusion of the seem
ingly incidental that activates 
the urban. T
his is the D
N
A
 of urbanity, an endless spectacle of 
incidental and unexpected events and phenom
ena that together 
generate a very com
pelling and im
m
ersive experience. T
hese 
phenom
ena follow
 a syncopated a-periodic rhythm
 and are 
seldom
 unfam
iliar, sim
ply unexpected and of the m
om
ent.
T
hese phenom
ena can’t necessarily be designed or even 
designed for; they are the result of unforseen and inadvertent 
occurrences and often w
him
sical juxtapositions. T
he billow
s 
of steam
 em
anating from
 the streets of M
anhattan, w
hich 
create visual surprise, are caused by w
ater com
ing in contact 
w
ith hot pipes underneath the roads or from
 pressure-release 
valves and leaks; the pleasing tone of  a train’s w
histle, w
hich 
also rem
inds us of the passing hour, is tuned for m
axim
um
 
aural effect and not necessarily poetic resonance or tim
e-
m
arking, though perhaps the engineer, w
ho w
as responsible 
for this sound, also adjusted it to achieve som
ething perceived 
as pleasing. So w
hat role does the designer play here?
T
he first act of the designer w
ithin the porous city is to 
recognise and allow
 for an atm
ospheric conversation betw
een 
the urban interior and its urban context to take place. A
t a m
ore 
sophisticated level designers explore and play w
ith all possible 
interactions and collisions of existential and organic phenom
ena, 
w
orking at the boundaries of the exterior and interior as one fluid 
space; engaging sound, light, air, breezes, sm
ells, hum
idity and 
tem
perature, w
hich together orchestrate an am
bient com
position 
of perceptual encounters that lead to the ‘joyful experience of 
discovering oneself [and the city] to be alive’ (B
öhm
e 2000, p.18).
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The Aesthetics of Air   
Malte Wagenfeld tackles the difficult
problem of visualising air, and in his physical
experiments reveals a world of eddies, swirls
and wafting particles circulating around
moving bodies. Here he offers a literal and
conceptual glimpse at the invisible nature of
atmosphere.
The aesthetic and sensual qualities of air are unusual terrain
for an industrial designer. While exploring the formal and
kinetic possibilities of unconventional fan blade geometries, I
observed that a number of blades generated irregular patterns
of air movement. Initially I saw these irregularities as a
problem, but when I considered the perceptual effect, I
realised it approximated natural ‘outside’ air. This discovery
turned my curiosity from the physical object to the sensual
perception of air movement and how this could be
manipulated as a design medium, setting the stage for an
incredibly rich experiment. At first the investigation focused
on simulating the type and variety of air-based experiences
encountered in an outside environment, but this quickly
broadened to encompass the overall aesthetic perception of
air within interior spaces and its associated qualities linked to
smell, humidity, density, sound and so on. 
I was dealing with something that was both formless and
invisible. How does a designer trained in manipulating form
largely for visual effect approach such an intangible medium?
My instinct was to appropriate high-end computing and fluid
visualisation software as a design tool. But this distancing
from the medium seemed to be in opposition to the very idea
of the investigation. The sensorial perception of air is a
dynamic physiological experience that calls for a corporeal
exploration with the body as a perceptual instrument at its
centre. The uncharted design territory of exploring air
phenomena meant that the first stages of the investigation
Appendices
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 Experiments in Visualising the Invisible
required focusing on observing and manipulating phenomena
rather than devising mechanisms that generate phenomena.
The investigation thus became a phenomenological study.
Initial investigations focused on observing outside air
movement as evidenced by fluttering leaves, swaying
branches and grass, the rippled surface of water and so on.
Careful analysis using video documentation indicated that air
movement was not only random, but also highly localised. I
observed that while leaves on one branch of a tree were
fluttering, those only metres away were completely still. In a
single moment this relationship shifted. This was an
important observation because although I had previously
considered outside air to be random, I had not thought it to
consist of such highly localised phenomena. The process of
looking highlighted that the perceptual nuances of outside air
movement are both spatial and temporal.
Observation of subtle air movements experienced in
interior spaces required a more sophisticated method of
visualisation. The ability for light to reveal dust particles or
smoke floating in the air was the inspiration behind the
technique of visually rendering air movement. A laser and
spinning mirror were used to produce a wafer-thin sheet of
light into which smoke was introduced, producing a planar
dissection of air. The experiments were conducted in a
Malte Wagenfeld and Ian de Gruchy, Experiments in generating air phenomena, 2007
As part of the ‘visualisation of air’ investigation, I began exploring the generation of air phenomena. This vortex,
generated by an apparatus constructed in my studio, is a self-propelling body of air slowly moving through an interior
space. As a consequence of this experiment, I began to observe air phenomena rather then generating them.
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Malte Wagenfeld, PF Type 1, 1999
A 1.6-metre (5.25-foot) tall vertical axis
pedestal fan with flexible closed cell foam
blades. Part of an exploration into
unconventional fan blade geometries exploring
kinetic and formal possibilities, this fan
generates a highly irregular pattern of air
movement approximating that of ‘outside’ air. 
The initial intent of the planar dissection of air was to visualise and map major air currents within a naturally ventilated interior
environment. A CAD model of the Melbourne warehouse was constructed to assist in planning for these experiments. This image
shows a series of proposed dissections through the vertical north–south plane and the horizontal plane.
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converted warehouse in Melbourne chosen for its interior
space, light and character. The generous yet still intimate
volume of the interior and the sightly porous old louvred
factory windows combined to generate a gentle, barely
perceptible yet continuous movement of air. A small team was
assembled to operate the apparatus and aid in performing
various parts of the investigation.
The experiments were devised to map air currents within
the interior space. Like the diagrams of blue and red arrows
drawn by engineers and architects, I expected the air to behave
and circulate in a discernible manner. For example, stronger air
velocity was expected near the windows and floor, and less in
the centre of the room or near the ceiling. However, it soon
became apparent how simplistic this premise was. 
Our first impression was of pure amazement. The air was
revealed to us as a highly complex set of paisley-like patterns
of gently spinning vortices that had the delicacy of fine lace. It
was as though we had been granted another sense. A
spectacular hidden world was made known to us. The air
within the space seemed to be moving in no particular
direction; but all directions at once. Swirling bodies of air
were seen moving north–south, east–west, up–down and
crossways, sometimes slicing past each other like people in a
crowd, sometimes spiralling into one another and then
moving off together on a new trajectory. Now and again,
larger nebulae of air, about the size of apples, would slowly
rotate on their axis, moving leisurely through the space at
about a centimetre a second. These fine patterns of air were
clearly part of a larger system of highly complex relationships
created by a multiplicity of currents and interactions.
With the objective of understanding how occupation
affected air within a space, we began experimenting with
simple acts of habitation. A breath gently exhaled in parallel
with the laser light could be observed travelling over 6 metres
(19.7 feet) across a room tracing a flowing trail through the
patterns. The waving of a traditional Japanese fan would gently
shuffle the swirling vortices and hasten their movement. The
opening of a door, even though it was 5 metres (16.4 feet) away,
registered almost immediately as a flurry of activity. 
Most surprising of all was how the motion of our bodies
impacted on the air. A person approaching the laser light
would part the smoke-filled air, creating a door-like opening.
Having passed through the light, a slightly enlarged imprint
of his or her body was momentarily visible before the air,
apparently clinging to the individual’s body, spiralled behind
him or her, closing this virtual door; an effect reminiscent of
Orpheus entering the underworld though a mirror in Jean
Cocteau’s film Orphé e. 
Malte Wagenfeld, CF Type 1, 2001
A design that came out of the same series of experiments as PF
Type 1, the ceiling fan’s main feature is its thermoformed blades that
double back on themselves. As well as creating the desired effect of
a shimmering miasmic volume, the blades produce a surprisingly
‘natural’ randomised pulsating movement of air.
Malte Wagenfeld, Jason Parmington, Ramesh Ayyar and
Ian de Gruchy, The planar dissection of air, 2007
Smoke as it is first introduced from the ‘fogger’ into the
wafer-thin sheet of laser light. 
Once the smoke has settled, the highly complex patterns of air movement
are revealed. Shown is a plane approximately 3 x 3 metres (9.8 x 9.8 feet).
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Malte Wagenfeld, Jason Parmington, Ramesh Ayyar, Ian de Gruchy and Polly Watkins,
Experiments with acts of habitation: breathing into the planar dissection, 2007
A person’s breath is visually revealed as a major gesture as it moves across the room. 
Repeating the experiment several times with different subjects demonstrated that the pattern of air movement generated
by a breath has its own identifiable visual language; a central shaft flanked by two smaller eddies on either side. 
Malte Wagenfeld, Jason Parmington, Ramesh Ayyar and Ian de Gruchy, Experiments with acts of habitation: opening a door, 2007
This sequence of five images shows how the opening of a door produces a dramatic displacement of air within the interior environment. 
Malte Wagenfeld, Jason Parmington, Ramesh Ayyar, Ian de Gruchy and Polly Watkins, Experiments with acts of habitation: walking into the dissection, 2007
As a person passes through the laser dissection of air, a shadowy imprint remains momentarily visible leaving temporal evidence of bodily presence. 
Malte Wagenfeld, Jason Parmington, Ramesh Ayyar and Ian de Gruchy, Experiments with acts of habitation: electric fans, 2007
When a desk fan was turned on 7 metres (23 feet) from the laser dissection, the gentle patterns of air were immediately destroyed
and replaced by a billowing mass resembling a cumulus cloud.
24
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However, when we turned on a desk fan 7 metres (23 feet)
from the laser dissection the intricate and delicate patterns of
air were destroyed in an instant, and replaced by a billowing
body of smoke, demonstrating not only how complex this
system of air is, but also how fragile. The system of air had
seemingly switched from a highly random but visually
coherent state to an incoherent chaotic state. Not only does
the air movement created by an electric fan feel different, it
also creates a strikingly different visual effect.
The experiments confirmed that air in a voluminous,
naturally ventilated space is constantly moving. The extent,
complexity, intricacy and multidirectional nature of this
movement was utterly unexpected. The swirling currents of
air appear to randomly stimulate the body from all angles
concurrently. This behaviour, in part, may explain why air in
a cathedral feels so different from air in a small room.
Perhaps most unexpected was how occupants and their
actions within a space become contributors to the prevailing
system of air movement; the occupant impacts on the air and
the air impacts on the occupant.
In the context of the larger design investigation, three
important insights come to the fore. First, that the air within
an interior space is highly randomised; second, that dynamic
relationships exist between our bodies, space and air; and
third, that the system of air movement is fragile, susceptible
to even the slightest of external factors. Significantly, ‘seeing’
air has heightened all my senses. 
As a consequence I have begun to visualise and imagine
interior spaces quite differently. Consider a space such as the
domed reading room in the State Library of Victoria.1 The
qualities of the interior with its associations of knowledge and
contemplation impart a very particular atmosphere. The air
within the library’s massive stone walls is voluminous, cool,
lofty and relatively constant. It also has a very particular
odour; the odour that a large volume of old books secretes.
These are qualities that do not change on a daily basis.
However, the air also has very definite temporal qualities,
seasonal variations and slight fluctuations from day to day,
and then at a micro level it is constantly changing, maybe an
outside breeze entering an air vent, a door opening, a person
rushing past, a large book being closed. These actions leave
temporal traces of air movement. The experiments in
visualising air rendered these subtle traces as grand gestures
revealing the unexpected spatial relationship between
ourselves, our actions and the air we inhabit.
As a result I no longer just feel or imagine such subtle
traces: I now have the beginnings of a visual grammar with
which to envisage air in four-dimensional temporal space, as
well as the building blocks for a vocabulary with which to
describe such phenomena. Making associations between
images and words allows me to describe, for example, a slowly
moving luminous disc of air as a nebula. This vocabulary can
now be developed to encompass the many other perceptual
qualities of air such as scent, temperature, density, humidity,
sound; the air and all that which is carried by it. 4
Note
1. Originally built in 1854 from massive Victorian bluestone blocks lined with
Tasmanian sandstone, the library’s main architectural feature is the 1913
addition of the enormous domed reading room which measures 34.74 metres
(114 feet) in diameter and height, and houses the library’s rare and extensive
Australiana collection.
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Malte Wagenfeld, Jason Parmington,
Ramesh Ayyar and Ian de Gruchy,
Experiments with acts of habitation: waving
of a traditional Japanese fan, 2007
When the fan was waved gently the patterns
of air appeared to be shuffled, while a more
vigorous movement began to diffuse and
mix the air.
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